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PREFACE. 


THE present volume of the Journal of the Iron and Steel Institute 
contains the Presidential Address of Professor Henry Louis ; 
the ‘“‘ Third Report on the Heterogeneity of Steel Ingots,” pre- 
pared by a Committee of the Institute, under the Chairmanship 
of Dr. W. H. Hatfield; the “ First Report on Blast-Furnace 
Plant and Practice,” prepared by Committee No. 2 of the Insti- 
tute, under the Chairmanship of Mr. A. K. Reese; and thirteen 
other papers—all presented at the Annual Meeting held in London, 
together with the discussion and correspondence thereon. It also 
contains a report of proceedings and speeches at the Annual 
Dinner held at the Connaught Rooms on May 2. 

Section II. contains the usual notes on the progress of the 
home and foreign iron and steel industries as reported in the 
proceedings of scientific and technical societies and in the tech- 
nical press, together with notices of new books presented to the 
Institute, and a bibliography of the principal works dealing with 
the metallurgy of iron and steel and allied subjects which have 
appeared during the last half-year. 

In front of the title-page is inserted a list of the British 
Standardised Steel Samples issued jointly by the Iron and Steel 
Institute and the National Physical Laboratory, showing where 
and on what terms the samples are available. 


28 Victoria StREET, Lonpon, 8.W. 1. 
August 17, 1929. 


CONTENTS 


BritisH STANDARDISED STEEL SAMPLES 
List or CouNncIL AND OFFICERS 
PREFACE 


SECTION I.—MINUTES OF PROCEEDINGS. 

Annual Meeting, 1929 

Election of Members and Menecintes 

Report of Council . 

Statement of Accounts . 

Induction of new President 

Presentation of the Bessemer Gold Medal 

Jubilee Greetings from Overseas 3 ; : ; : : 

Presentation of Carnegie Gold Medal : . : , : ° 

Award of the Williams Prize . 

Carnegie Research Grants 

Presidential Address 

Votes of Thanks 

Additional Meeting in Gieerow 

Additional Meeting in Sheffield : ; : : 

** First report on blast-furnace plant and praciicen? zy Committee No. 2 of 
the Iron and Steel Institute . : : : 

“Twenty months’ results of dry blast operation.” By H. H. Lewis 

“The A.I.B. sinter plant at Messrs. Guest, Keen and Nettlefolds, Ltd., 
Cardiff Works.” By W. HE. Simons : 

“The erosion of guns.” By R. H. Greaves, H. H. Abram and S. H. Rees : 

“The influence of pickling operations on the Slee of steel.” By 
H. Sutton . 

“The mechanical and metallurgical properties of Petite iatoels as meenled 
by laboratory tests.” By G. A. Hankins and Miss G. W. Ford . 

“A new method for the production of sound steel.” By the Hon. Sir 
Charles Parsons and H. M. Duncan é 0 : : : 

“‘ Third report on the heterogeneity of steel pea By a Committee of the 
Iron and Steel Institute ; ; : ‘ 5 

““The microstructure of rapidly cooled eal. a "By J. M. Robertson 

“The transformation of austenite into martensite in a 0-8 per cent. carbon 
steel.” By Dartrey Lewis : 

** Constitutional diagrams for cast irons and qucnoned Peon By A. L. 
Norbury : 

** Brittleness in mild steel.” By G. R. Bolsover 3 : ; 

‘*‘ The oxidation of iron and steel at high temperatures.” By L. B. Pfeil 

‘“‘ The differential method for measuring the thickness of hard cases without 
sectioning them,” By E. G. Herbert and P. Whitaker ‘ 

‘* A method for the estimation of hydrogen in steel.” By T. E. Rooney aad 
G. Barr c : ; 0 : 6 : ‘ . 

Annual Dinner 


113 


179 


217 


255 


305 
391 


427 
443 
473 
501 
561 


573 
581 


xil CONTENTS. 


SECTION II.—NOTES ON THE PROGRESS OF THE HOME AND 
FOREIGN IRON AND STEEL INDUSTRIES. 


PAGE 
MINERAL RESOUROES . ; . , : ; ‘ : P . 600 
British Empire : : : ; : : : : ; . 600 
Europe . : : ‘ : ; , ; : ; : . 602 
America ‘ - ‘ ; , : ‘ : : é . 603 
Asia 5 : é ; : : : : 3 : > 603 
ORES—MINING AND Tes : ; ; 5 ; : : . 604 
REFRACTORY MATERIALS : ; : : F ; ; . 609 
Furt—PRoPERTIES, PREPARATION, MANUFACTURE, AND Usne ; P . 619 
Fuel ee : : : ‘ ‘ é : : : 5 OY 
Coal : : ; ‘ ‘ : : : : : . 629 
Peat =. 5 , : : : , ; ; ; ; . 640 
Coke . : i ’ ; : : ; : ; : . 640 
Gaseous fuels . F : : : ; 3 : ; ; > 655 
Liquidfuel . : , : ; : ; : : 5 . 662 
PRODUCTION oF IRON . : ' é : , : ; : . 664 
Pig iron. ; : ; 5 : 3 : : j F . 664 
Wrought iron F : ' : : ; : , 4 LOLS 
Direct processes. 3 : : ; ‘ ; : ; 3) 
Electrolyticiron . : : : : : ‘ : F . 674 
Tron industries : : : ; ; ‘ : z ; . 675 
Historical ‘ ; : : : : 5 ; : ; oe OGG 
Founpry PRACTICE : 3 , ; ; E é : Rn oY ie) 
General foundry vets : ; 3 ‘ ; : , . 678 
Moulds and cores . : . : F z : : : . 685 
Moulding sands : : ; : : ; ‘ ; ; » 0 
Special castings . , : : 5 i : : : . 692 
Centrifugal casting . ; : , : : : : : . 693 
Steel foundry practice. : : ; : : : ; . 694 
Malleable cast iron . ; ; ? ‘ “ ; ; ; . 694 - 
Foundry plant : : : ; ; : OUG 
Cooling phenomena and detects in ronan ; . : 6 - 698 
PRopuctTION OF STEEL . F ; ; ; , j ‘ : 7.00) 
Steel-making processes. : : i : : : F . 700 
Slags . : : c ; ‘ ; ; : : . . 418 
Steel plants . F ee : : : : ; ; | Zils} 
Steelworks machinery . : : : ’ : : era! 
Casting and treatment of ee ; : : ; : : . 714 
Foreine AND Rowiing-Mitt Practics . : : : é 5 eas tpl! 
Reheating furnaces : : ; ; : ‘ ; al 
Forging, stamping, and eeu : ; : ‘ ; f Ls 
Rolling-mill practice ; : < 7 : : ‘ : 5 RPA 
Rolling-mill machinery . : ‘ : : : é . 735 
Manufacture of wire ; : : ; ; : , : . 736 
FortHEer TREATMENT OF IRON AND STEEL . ‘ , ; : > 138 
Pyrometry . : : : A 2 j a . 738 


Heat-treatment eamipniont : ; : : : : a 16x!) 


LIST OF PLATES. Xl 


PAGE 
Cementation and cage-hardening . ‘ F ‘ : : . 142 
Heat treatment ofiron and steel . ; ‘ : ‘ : . 746 
Welding A é P é 3 : : ; é . 7154 
Miscellaneous cote : : : ‘ : : ; ‘ Ou 
Pickling : é : : 6 ‘ : ; : s > Tee 
Coating of metals . ‘ é ‘ : : é é ; . 760 

PHYSICAL AND CHEMICAL PROPERTIES . i : : : ; ee Or 
Properties and tests of cast iron : : : : : ; Ou 
Properties and tests of iron and steel 5 F ; : : . 774 
Specifications 4 : : : . 802 
Magnetic and electrical eopectiee or iron ond eteel : : : . 803 
Constitution, structure, crystallography . : : : F . 805 
Heat-resistant and acid-resistant alloys. : ; : , > fell@ 
Corrosion of metals ’ ; : : e 813 
Laboratory equipment 823 

CHEMICAL ANALYSIS 824 
Analysis of iron and zteel 824 
Analysis of ores and fluxes 829 
Analysis of fuel 830 
Analysis of refractory en Sa 832 

Notices of RECENT BooKS PRESENTED TO THE LIBRARY A 9 . 833 

BIBLIOGRAPHY 838 

Supszect INDEX 849 

Name INDEX 886 

LIST OF PLATES. 
Plates I. and II. Photographs illustrating Pre- 
sidential Address ‘ . Between pp. 32 and 33 
III.) Diagram and photographs illus- F To face p. 90 
TV. and V.| trating Simons’ paper . Between pp. 96and 97 
i h d photo h 
riser Mt tes Boome 
XVII. to . and Rees’ paper . ”? ” 


XXIII. Photographs ae ae 
Sutton’s paper 4 


XXIV. and XXV. Micrographs meee Han- 


To face p. 194 


kins and Ford’s paper . . Between pp. 240 and 241 

XXVIL. to XXXV. Micrographs, sulphur prints, and . 264 ,, 265 

XXXV a XXXvz. photographs illustrating 270 O71 
Suhaied Parsons and Duncan’s paper - a 


XXXVI. to XX XIX.) Micrographs illustrating Third 
356 ,, 357 


| aie 344 ,, 345 
XL. and XLa.J Heterogeneity Report . 


X1V 


XLI. to XLVIII. 


XLIX. to LIT. 


LVII. to LXII. 


ABBREVIATIONS USED IN TEXT. 


Micrographs and diagrams __ illus- 
trating Robertson’s paper 


Photographs and micrographs illus- 


. Between pp. 408 and 409 


trating Dartrey Lewis’ paper 436 ,, 437 

LIII. to LVI. Micrographs illustrating Norbury’s 
paper F , ; ‘ 3 466 ,, 467 

Photographs and micrographs illus- 
trating Pfeil’s paper ; ; A 536-35 O37 

LXIII. Photographs illustrating Herbert 


Lill h 
H.P -hr. 


and Whitaker’s paper 


To face p. 570 


ABBREVIATIONS UsED IN TEXT. 


horse-power-hour(s). 


Angstrém unit(s). hr. hour(s). 
alternating current(s). in. inch ; inches. 
ampére(s). in.-lb. inch-pound(s). 
. ampére-hour(s). IS absolute temperature (scale). 
atmosphere(s) (pressure). kg. kilogramme(s). 
Baumé (scale). kg.-m. kilogramme-metre(s). 
brake horse-power. km. kilometre(s). 
Board of Trade. kva. kilovolt-ampére(s). 
British thermal unit(s). kw. kilowatt(s). 
Board of Trade unit(s). kw.-hr. kilowatt-hour(s). 
. Birmingham wire-gauge. lb. pound(s). 
centigrade (scale). L.-F. low-frequency. 
calory ; calories. m. metre(s). 
cubic centimetre(s). m.-amp. milliampére(s). 
current density. m.-volt millivolt(s). 
centigramme(s). max. maximum. 
centimetre - gramme -second mg. milligramme(s). 
unit(s). min. minimum; minute(s). 
centimetre(s). mm, millimetre(s). 
coefficient. m.m.f. magnetomotive force(s). 
constant(s). N. normal (solution). 
candle-power. N.T.P. normal temperature and pres- 
cubic. sure. 
hundredweight(s). O.-H. open-hearth; oil-hardened. 
direct current(s). oz. ounce(s). 
decigramme(s). p.d. potential difference. 
diameter(s). R. Réaumur (scale). 
decimetre(s). r.p.m. revolutions per minute, 
electromotive force(s). sec. second(s). 
Fahrenheit (scale), Sp. gr. specific gravity. 
foot; feet. sq. square. 
foot-pound(s). Au tempered. 
gallon(s). temp. temperature. 
gramme(s). Vv. volt(s). 
high-frequency. va. volt-ampére(s). 
hydrogen-ion. w.-hr. watt-hour(s). 
horse-power. yd. yard(s). 


degree(s). 


SECTION I. 


MINUTES OF PROCEEDINGS 
AND PAPERS OF 
THE IRON AND STEEL INSTITUTE. 


ANNUAL MEETING 


1929. 


Editorial assistance has been given by A. E. Cuartin, B.Sc. (Hons. Met.), 
Assistant Secretary, in the preparation of this Section. 


MINUTES OF PROCEEDINGS 


AND 


PAPERS AND DISCUSSIONS 


(AT EEE 


ANNUAL MEETING, 1929. 


THe SrxtietH ANNUAL GENERAL MEETING or THE IRON AND 
STgeEL InstirurE was held at the Institution of Civil Engineers, 
Great George Street, Westminster, on Thursday and Friday, 
May 2and 38,1929. Mr. Bensamin Tasor, the retiring President, 
took the Chair, and was succeeded by Professor Hmnry Lous, 
M.A., D.Sc. 


The Minutes of the last General Meeting were taken as read 
and confirmed. 


ScRUTINEERS. 


Dr. A. Braminy (Loughborough) and Mr. A. ALuison 
(Sheffield) were appointed scrutineers of the ballot for the examina- 
tion of the voting papers, and they subsequently announced that 
the following sixty-three candidates for membership and seven 
candidates for associateship had been duly elected : 


MEMBERS. 


NAME, ADDRESS. PROPOSERS. 


Bagley, Donald, F.C.S. | 124 Victoria Street, Lon- | H. Jeans, G. H. Bentley, 


don, 8.W. 1 J. F. Melling. 

Baudi, Ing. Angelo . | Corso Magenta 59-3, | H. Shillitoe, A. Piccioli, 
Genoa, Italy R. Bruzzo. 

Bendix, Carl Alfred . | 24 Throgmorton Street, | W. T. MacLellan, J. 
London, H.C, 2 Angus, L, Chandler. 


Brown, William Reid, | Messrs. Ashmore, Benson, | A. K. Reese, E. D. Mor- 
D.S.O. Pease & Co., Ltd., gan, C. Pease. 
Stockton-on-Tees 


1929—i. | : 


ELECTION OF MEMBERS. 


NAME. ADDRESS. PROPOSERS, 
Bruce, Robert Mar- | 89 Totara Street, Riccar- | H. C. H. Carpenter, 
shall, A.R.S.M., B.Sc. ton, Christchurch, New F.R.S., V. Harbord, 
(N.Z.), A.L.C. Zealand W. H. Merrett. 


Burke, John A. . 


Busila, Constantin D. . 


Campbell, Major John 
MacKnight, O.B.E., 
M.C. 

Carnegie, Herbert Stir- 
ling, A.M.1.H.E. 

Clack, Christopher 
Thrower 


Cole, Leslie Sydney 
Diepschlag, 


Ernst 
Dieudonné, Hector 


Professor 


Durrer, 
bert 


Dr.-Ing. Ro- 
Edlund, D. L., M.S. 
Ellis, James Stead 


Erasmus, Hendrik 
Wilhelm Ballot De 
Wet, M.Sc., Dipl. 
Ing. 

Falmouth, Viscount 


Ferguson, Horace 
William Goer, B.A., 
Assoc.M. Inst.C.E. 

Frankland, John 
Middleton, B.Sc. 

Garcia José 
Maria, 

Geohegan, L.'E. 


Ogara, 


Goicoechea Fernandez, 
Manuel 


39th Avenue and Burn- 
ham Street, Milwaukee, 
Wis., U.S.A. 

| Strada Vasila Alexandri 

4, Bucarest, Rumania 


24 Old Broad Street, 
London, H.C. 2 

English Electric Co., 
Ltd., Stafford 

Wellington House, 
Strand, London, 
W.C. 2 

13/15 Locarno House, 
Johannesburg, South 
Africa 

Borsigstr. 25, Breslau 16, 
Germany 


33 Rue Goethe, Luxem- 
burg 


An der Heerstr. 105, 
Berlin-Charlottenburg 
9, Germany 

575 Washington Avenue, 


Albany, New York, 
U.S.A. 
Seaton Burn House, 


Dudley, Northumber- 
land 
South Africa House, Tra- 


falgar Square, London, 
W.C. 2 


8 Lennox Gardens, Lon- 
don, S.W. 1 
Montague Avenue, 
Gosforth, Newcastle- 
on-T'yne 
Royal School of Mines, 
South Kensington, 
London, S.W. 7 
Estacion 1, Bilbao 


23 


Gulf States Steel Com- 
pany, Brown-Marx 
Building, Birming- 
ham, Ala., U.S.A. 

Fabrica Nacional de 
Trubia (Asturias), 
Spain 


D. McLain, W. W. Cole- 
man, J. F. Harper. 


J.H.S. Dickenson, G. E. 
Howarth, J. Swan. 

B. Talbot, F. W. Har- 
bord, C.B.E., J. Camp- 
bell. 

R. Hodgson, L. Rothera, 
T. W. Hand. 

A. B. Gowan, M. H. Bell, 
A. Dorman. 


R. I. H. Kinloch, O. W. 
Heath, H. L. Lockley. 


R. Ardelt, P. Goerens, 
J. H. Andrew. 

Te ee HllotyaaGe 
Lyttelton, F. W. Har- 
bord, C.B.E. 

F. Wist, E. C. Evans, 
VY. B. Reichwald. 


I. N. Zavarine, G. B. 
Waterhouse, V. O. 
Homerberg. 

A. J. Raine, W. G. Gray, 
P. R. Hopkins. 

F. W. Harbord, C.B.E., 
ey Ee awe Ae Or 
Walber. 


H. Louis, B. Talbot, Sir 
Wm. Ellis, G.B.E. 

J. McGregor, A. J. Raine, 
P. R. Hopkins. ; 


H. C. H. Carpenter, 
F.R.S., W. H. Merrett, 
M. S. Fisher. 

EK. Coste, A. Garcia 
Ogara, P. Arenal. 

F._H. Crockard, H. Y. 
Carson, H. J. Freyn. 


A. Gonzalez Soto, R. 
Guevara, M. Herran. 


ELECTION OF MEMBERS. 


co 


NAME, 


ADDRESS. 


' Goudielock, 


| ~ 
| Graham, 


| Petze, 


Gossell, Kenneth Otto 
Theodore, B.A 
(Oxon.) 

William 

Bouch O’Brien 


Archibald 
MacDonald 


Hanson, John 


Heeley, Ernest James . 


Holland, Frederick 
James Thomas 

Hurst, Joseph Henry, 
M.1I.Mech.E. 

Keshian, 
Garabed 


Henry 


Knight, Arthur, B.Met. 
Lilge, Fr. . 
Maita, Soji 


Messkin, Wenjamin S. 


Miklési, Dr. - Ing. 
Cornelius 

Moynihan, Robert 
Edmund 


Munro, Alexander Alan 


Ornani, Dr. Alberto 
Mario 


Oshima, Tadao . 


Parker, James Fred- 
erick : 
Parravano, Nicola 


Charles Louis, 
jun., B.Sc. 


110 Cannon Street, Lon- 
don, E.C. 4 


42 Fairfield Lane, Barrow- 


in-Furness 


c/o Synthetic Ammonia 
and Nitrates, 
Queen’s Buildings, 
Queen St., Sheffield 

c/o D. Payne, Esq., Pick- 
ford Green, Allesley, 
near Coventry 


The Vulcan Boiler and | 


General Insurance Co., 
Ltd., 67 King Street, 
Manchester 

Wellington House,Strand, 
London, W.C. 2 


62 Whirlowdale Road, 
Sheffield 

Chase Companies Inc., 
Waterbury, Conn., 
U.S.A 


2 Bull Lane, Brindley 
Ford, Stoke-on-Trent 
Am  Grafenbusch 17, 

Oberhausen-Rhld. 
Japan Steelworks, Mur- 
oran, Japan 
Sagorodry Prospect 9, 
Flat No. 11, Leningrad 
2, U.S.S.R. 
Timisoara Power Station, 
Timisoara, Rumania 


Fairview, Codsall Road, 
Tettenhall, Staffs. 

Chief Engineer’s Dept., 
Imperial Chemical In- 
dustries, Ltd., Billing- 
ham, Stockton-on-Tees 

Palazzo Ilva, Bagnoli di 
Napoli, Italy 

Takamicho, 8 Chome, Ya- 
wata, Japan 

Tickenhill Manor, Bewd- 
ley, Worcs. 

Istituto Scientifico EH. 
Breda, Sesto San Gio- 
vanni, Milan, Italy 

Massachusetts Institute 
of Technology, Cam- 
bridge, Mass., U.S.A. 


Ltd., | 


PROPOSERS. 


Hee @. es Eivansyi Mise 
Birkett, F. J. Bailey. 


| H. B. Weeks, J. G. 
Pearce, A. L. Nor- 
| bury. 

J.H.S. Dickenson, W. H. 


G. R. Bolsover, T. Swin- 
den, R. D. Pollard. 


EK. H. Saniter, 
| Hodson, H. O’Neill. 


A. B. Gowan, M. H. 
Bell, A. Dorman. 

E. H. Saniter, T. Baker, 
A. P. Smith. 

1 125 Cailbegin, De dle 
Curran, A. H. d’Arcam- 
bal. 

H. Moore, O.B.E., J. A. 
Jones, R. H. Greaves. 

E. Kugel, H. Spannagel, 
V. B. Reichwald. 

K. Honda. 


M. Pavloff, L. Nobel, K. 
G. Troubine. 


H. C. H. Carpenter, 
IDs Abe § Ahwsaacr, 
W. H. Hatfield. 

J. Craig, C.B.E., A. Mc- 
Cance, L. Rothera. 

J. H. S. Dickenson, 
W. H. Hatfield, A. 
Matthews. 


A. Piccioli, G, Ciompi, 
H. Shillitoe. 

H. Kamura, M. Jo, G. 
Oishi. 

J. Craig, C.B.E., Ty S: 
Peacock, 8S. 8. Somers. 

Gr. Uff. G. EH: Falck, 
C. Vanzetti, C.B.E., 
E. Redaelli. 

V. O. Homerberg, I. N. 
Zavarine, G. B. Water- 
house. 


Hatfield, A. Matthews. 


(On. dale 


ELECTION OF MEMBERS. 


Plummer, Clayton E., 
B.Ch.E., M.S. 


Rickard, Thomas 
Arthur, D.Sc. (Hon.), 
A.R.S.M. 


Rowlandson, Major 
St. John 

Samuel, Thomas, M.Sc. 
(Wales) 

Sawamura, Hiroshi, 
D.Eng. 


Schaefer, Adolph Oscar, 
B.S. (Ch.E.) 
Schulz, Dr.-Ing. E. H. 


Scott, George Christian 
Soward, Henry William 


Stanfield, 
B.Eng. 


Ga NESce, 


Taddei, Dr. Emilio 


Tennent, Bruce EKd- 
ward 

Teodorescu, Professor 
Constantin C 

Thomas, Eugene 
Peeples 

Thomas, Hugh Clement 

Turner, William 
Leonard 


Vreeland, George W. . 


Wilsdon, Sydney 
Charles 

Winterbottom, Arthur 
Baker, M.Sc.Tech., 
INA Oe 

Wolff, Dr. Ir. Emile 
Benjamin 


Berkeley, California 


23 Albemarle Street, Lon- 
don, W. 

57 Rhyddings Dae Road, 
Swansea 

Kamikyoku, Kamigoryo, 
Babacho 362, Kyoto, 
Japan 

17 Dolan Terrace, Bala- 
Cynwyd, Pa., U.S.A. 

Director, Research Insti- 
tute of the Vereinigte 
Stahlwerke A.G., Aa- 
chenerstr. 22, Dort- 
mund, Germany 

30 Church Street, New 
York City, U.S.A. 

8 Broomfield Avenue, 
Palmers Green, N. 13 
Brown-Firth Research 
Laboratories, Princess 

Street, Sheffield 
Dalmine (Bergamo), Italy 


241 Old South-Head 
Road, Bondi, Sydney, 
N.S.W., Australia 

Scoala Politechnica, 
Timigoara, Rumania 

71 Broadway, New York 
City, U.S.A. 

23/29 Royal Metal Ex- 
change, Swansea 

“* Heatherlea,’’ Stocks- 
field, Northumberland 

Weirton Steel Company, 
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NAME, 


| Breyer, M. George 


Dunkin, Henry Haugh- 


ADDRESS, 


5730 South Wood Street, 
Chicago, U.S.A. 
90 Waterdale Road, Ivan- 


PROPOSERS. 


S. A. Richardson, W. C. 
Hamilton, C. H. Beach. 
J. N. Greenwood, E. 


ton hoe, Victoria, Aus- Lewis, A. 8. Hoskins. 
tralia 
Houston, Edward C. ** Craighead,” Adele | W. Barr, J. A. C. Edmis- 
Street, Motherwell, ton, A. J. K. Honey- 
Lanarkshire man. 


J. N. Greenwood, E. 
Lewis, A. 8. Hoskins. 


Main, Robert Douglas | College of the Bible, York 
Road, Glen Ivis, Mel- 
bourne, Victoria, Aus- 


tralia 


Malmgren, Laurance | 200 Clarke Street, North- | J. N. Greenwood, E. 
W. cote, Melbourne, Vic- Lewis, A. S. Hoskins. 
toria, Australia 
Shirtcliffe, Charles | 18 Penrhyn Road, End- | J. A. Hopkinson, A. S. 
Harold cliffe, Sheffield Biggin, J. G. Widdow- 


son. 
N. Hackney, W. Saun- 
ders, N. Ghosh. 


B. Hostel, Room 11, The 
Maclagon Engineering 
College, Moghalpura, 
India 


Singh, Jahangir 


PRESENTATION OF ANNUAL REPORT AND STATEMENT OF 
Accounts For 1928. 


The Prestpent said the Annual Report of Council had been 
circulated, and, with the permission of the members, he proposed 
that it be taken as read. He then asked the Honorary Treasurer 
to submit his report on the Accounts. 


Professor H. C. H. Carpenter, F.R.S. (Hon. Treasurer), in 
presenting the Balance Sheet and Statement of Accounts of the 
Institute for 1928, said that it had been his invidious task for 
three years in succession to have to record a deficit. It was, 
therefore, all the more satisfactory to him to be able to report, 
for the first time in four years, that they were able to carry for- 
ward a surplus, though not a very large one ; it amounted actually 
to £22. When the position was compared with that of 1927, for 
which year the accounts had shown a deficit of £879, he thought 
the Council were to be congratulated on what appeared to be 
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a good step towards putting the finances of the Institute on a 
sounder footing. The total income in 1928 had been £7940, or 
about £109 more than in 1927. The expenditure had been £7918, 
which was nearly £800 lower than the year before. It had been 
pointed out a year ago that the item mainly responsible for the 
large and increasing expenditure was the amount spent on publi- 
cations. In the year under review, the Council had succeeded, 
by rigid economy, in reducing the outlay under that head by 
about £500, and it was chiefly by that cut that they had been 
able to balance the accounts. Still, it could not be said that the 
financial position of the Institute was a satisfactory one so long 
as the income was so small as to oblige the Council to restrict 
the work of the Institute in its most useful sphere—namely, the 
publication of technical and scientific papers and expenditure on 
research work under the direction of the various technical com- 
mittees. The item, Annual Subscriptions, which formed the chief 
source of income of the Institute, unfortunately still showed a 
decrease, though a much smaller one than in the last four years. 
In that respect, however, he thought it could be stated with 
confidence that they had touched the lowest point, as there had 
been a substantial increase in the receipts from entrance fees 
(£280, compared with £153 in 1927). That was a welcome indi- 
cation that new members were coming forward for election in 
increasing numbers, the effect of which, it was hoped, would be 
reflected in the next year’s accounts. At all events, they were 
able to record, for the first time in the last few years, a net increase 
in the membership amounting to 25, bringing the total number of 
members on the register up to 2008. It was hoped, by increasing 
the activities of the Institute in the direction of holding meetings 
in local centres and by other means, to stimulate interest in the 
work of the Institute and to attract even more new members 
from those districts. 

He had much pleasure in moving the adoption of the Statement 
of Accounts. 


The resolution was unanimously adopted. 
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REPORT OF COUNCIL. 


Tue Council of the Iron and Steel Institute have much pleasure in 
submitting for the approval of the members at this, the Sixtieth 
Annual General Meeting, their Report on the proceedings and work 
of the Institute during the year 1928 


Rou oF THE INSTITUTE. 


During the past year one hundred and thirty-eight new members 
and five associates were elected; eight associates were transferred to 
membership, and five members were reinstated. Sixty-three members 
resigned their membership during the year, and the names of twenty- 
five members were removed from the register owing to the non-payment 
of their subscriptions. The total membership of the Institute on the 
register on December 31, 1928, was accordingly as follows : 


Patron : ; ; : ; : ; 1 
Honorary Members : : : : ‘ ‘ 5 
Life Members. 3 ‘ ‘ : : ee (al 
Ordinary Members. é : : : el OM, 
Associates : : ; : ‘ 3 . 14 

Total ; : ‘ : : . 2008 


It is satisfactory to record that there is an increase of twenty-five 
in the total membership as compared with 1927. 

The Council deeply regret to have had to record the deaths of the 
following twenty-one members of the Institute which occurred during 
the year 1928 : 


Boyes, B. W. (Stockton-on-Tees) —. : . June 18. 
Brock, J. P. (Lebanon, U.S.A.) . : : Sewell) 
Bumby, H. (Nantwich) , ; : ‘ . May. 
Caspersson, O. F. (Stockholm). F 5 . June 28. 
Charlton, W. (Guisborough, Yorks) . : . March 13. 
Clamens, J. B. (Paris) (Life Member) . ‘ bn 
Dyrssen, Dr. Waldemar (Pittsburgh, U. S.A.) . August. 
Eccles, H. (Briton Ferry) . ‘ : . August 12. 
Horngren, Consul C. G. (Stockholm) : a 
Howell, S. E. (Sheffield) . ‘ ‘ ‘ . April 15. 


Kennedy, Myles (Ulverston) , . ; . August 9, 
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Koboyashi, 8. (Muroran, Japan) . ‘ a ; 
Lamberton, Andrew (Coatbridge) (Hon. Vice- 


President) . 5 ; . August 23. 
Lewis, Colonel David (Glamorgan) d : . May 30. 
Mayrisch, E. (Luxemburg) . ; ; . March 5. 
Mountain, W. C. (Newcastle-on- Tyne) : , . January 26. 
Raine, J. E. (Newcastle-on-Tyne) September 4. 
Schrédter, D.Ing.h.c. Emil (Mehlem- Rhein, Ger- 

many) (Hon. Member) . : ; f . October 31. 
Sheldon, F. (Sheffield) : : ; : fe NEY td 
Timmermans, F. (Liége) .. ; : : . September 23. 
Williams, Daniel (Llanelly) : : : . May. 


The deaths of the following four members took place prior to 1928, 
but were not reported to the Council until that year : 


Bartlett, J. H. (Kentucky, U.S.A.) . . December 17, 1927. 
Forsdike, A. J. (Sheffield) . : , . December 25, 1927. 
Howat, W. (Glasgow) : ; ; . July 30, 1927. 
Milne, I. B. (Matlock) ; ‘ F . May 18, 1926. 


The Council specially wish to place on record their sense of the great 
loss to the Institute incurred through the deaths of the following : 
Mr. Andrew Lamberton, who had served on the Council since 1905, 
and was elected a Vice-President in 1914. He was also a Bessemer 
Medallist of the Institute; Mr. HE. Mayrisch, President of the 
Aciéries Réunies Burbach-Eich-Dudelange at Luxemburg. It will be 
remembered that Mr. Mayrisch received and entertained a party of 
members on the occasion of their visit to Luxemburg in 1921; Dr. EH. 
Schrédter, the well-known General Secretary (retired) of the German 
Society of Ironmasters, who on two occasions acted as Hon. Secretary 
of Autumn Meetings of the Institute in Germany ; and Mr. F. Timmer- 
mans, who was a member of the Reception Committee which enter- 
tained the members on the occasion of the Brussels Meeting in 1913. 
Obituary notices of these and of other members deceased will be found 
in the last volume of the Journal. 


Exection oF Hon. MemBer anp Hon. Vicre-PRESIDENT. 


In the past year the Conde de Zubiria of Bilbao has been elected 
an Honorary Member. He was originally elected a member of the 
Institute in 1883. 

The Council have also elected Mr. Alfonso de Churruca of Bilbao 
an Honorary Vice-President of the Institute. 
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Honours ConFERRED ON MEMBERS. 


The Council tender their most hearty congratulations to several 
members of the Institute upon whom appointments of honour and 
distinction have been recently conferred. 

Sir John Dewrance, K.B.E., M.Inst.C.E., M.I.Mech.E., has been 
created a G.B.E. Mr. M.-Mannaberg has been appointed Consul- 
General for Austria. His Majesty the King of Sweden has been pleased 
to confer upon Sir W. Peter Rylands, J.P., the Order of Commander 
of the Royal Order of Vasa, and on Mr. G. C. Lloyd (Secretary) the 
Order of a Knight of the North Star. Mr. Eugene Schneider has 
been created an Officer of the Legion of Honour. Mr. G. Hoyland 
has been appointed a Justice of the Peace for the West Riding of 
Yorkshire. 

Mr. Benjamin Talbot, President of the Institute for 1928, has been 
elected an Honorary Member of the American Iron and Steel Institute. 

Sir Hugh Bell, Bt., C.B., has been elected for the twenty-seventh 
successive year to be Chairman of the Tees Conservancy Commission. 
Sir Robert Hadfield, Bt., F.R.S., has been elected a Foreign Associate 
of the National Academy of Sciences, Washington. Mr. Léon Greiner 
has been elected President of the Association des Ingénieurs sortis de 
PUniversité de Liége, and Mr. Colin Gresty has been selected for the 
Presidency of the Newcastle and District Branch of the Institute of 
British Foundrymen. Sir Robert Hadfield, Bt., F.R.S., Professor 
H. C. H. Carpenter, F.R.S., and Professor C. H. Desch, F.R.8., have 
been invited to join the Advisory Committee on Metallurgical and 
Engineering Research on Materials of the National Physical Labora- 
tory. Mr. P. B. Henshaw has been elected President of the Sheffield 
Metallurgical Association for 1929. 

Sir Robert Hadfield has been awarded the Silver Medal of the 
Institution of Marine Engineers. Professor H. C. H. Carpenter, 
F.R.S., has received the Thomas Turner Gold Medal awarded by the 
Thomas Turner Prize Trust in recognition of special attainments in 
metallurgy. Dr. J. A. Mathews was the recipient of the Hunt Gold 
Medal. Mr. P. D. Merica, Ph.D., was presented with the James 
Douglas Medal for 1928 by the American Institute of Mining and 
Metallurgical Engineers. Dr. J. W. Donaldson was awarded the 
Oliver Stubbs Gold Medal by the Council of the Institution of British 
Foundrymen. Mr. J. G. Pearce was awarded the first prize of 
100 guineas by the Glasgow and West of Scotland Association 
of Foremen, Engineers, and Draughtsmen, for a series of practical 
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proposals relating to “ Goodwill in Industry.” Dr. D. H. Ingall has 
been appointed Principal of the Constantine Technical College, 
Middlesbrough. Mr. E. W. Fell has been awarded the title “ Doktor- 
Ingenieur’”’ by the Technische Hochschule, Aachen; he is the first 
Englishman to gain this distinction since the war. 


FINANCE. 


The Statement of Accounts for the year 1928, which has been duly 
audited and certified by Messrs. W. B. Keen & Co., the Institute 
auditors, accompanies this Report, and is presented by Professor 
H. C. H. Carpenter, F.R.S8., the Honorary Treasurer, for the approval 
of the meeting. 

The income for the year under review, apart from that of the 
Carnegie Scholarship Fund and of the Special Purposes Fund, was 
£7940, and the expenditure was £7918. The comparative figures of 
the income and expenditure for the last five years are shown herewith : 


Income. Expenditure. 
8 gg 
1928 : 5 ‘ Z 8095 8012 
1924 3 : ; : 8068 7568 
1925 : ; : : 7952 8084 
1926 : : : : 8136 8160 
1927 : : : : 7831 8710 


The accounts for 1928 show a considerable improvement as com- 
pared with those of 1927, when there was an adverse balance of £879. 
For the first time in the last four years it is possible to carry forward 
a surplus, though a very modest one, of £22. 


MEETINGS. 


The Annual Meeting of the Institute was held in the Hall of the 
Institution of Civil Engineers, by kind permission of the Council of 
that body, on Thursday and Friday, May 3 and 4, 1928, the Chair 
being taken by the President, Mr. Benjamin Talbot. 

The Annual Dinner was held at the Connaught Rooms on the 
evening of Thursday, May 3, and was attended by some 300 members 
and guests. Speeches were delivered by Mr. F. W. Harbord, C.B.E. 
(Past-President) ; the Marqués de Merry del Val (Spanish Ambassador) ; 
Mr. Alfonso de Churruca; Mr. Charles M. Schwab (President of the 
American Iron and Steel Institute); the Right Hon. John Hodge; 
and the President. 
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The Autumn Meeting of the Institute was held, by the kind invita- 
tion of the members of the Institute resident in the Bilbao district, 
in Bilbao, on September 25 to 27, 1928, and was attended by about 
110 members and their ladies. Leaving London on the 21st, the 
outward journey was broken at San Sebastian, where the party was 
lavishly entertained by the President of the Province of Guipuzcoa, 
the Municipal Authorities of the City, and the metallurgical works in 
the district. The party then proceeded to Bilbao, where they were 
again entertained in a most hospitable manner by the President of 
the Province of Vizcaya, the Municipal Authorities of Bilbao, and the 
metallurgical works and mines in and about the City. Meetings for 
the presentation and discussion of papers were held on September 25 
to 27, and visits to works, mines, and places of interest in the locality 
were also made. 

Following the meeting, a large proportion of the party travelled 
on to Burgos, Madrid, Sagunto, Cordoba, and Seville. From Madrid 
whole-day excursions were also made to Toledo and to the Royal 
Palace of the Escorial. 

The success of the meeting was very largely due to the careful fore- 
thought and arrangements of the Local Reception Committee, and 
the results of their labour were very much appreciated. A full account 
of the meeting and the visits and excursions in connection therewith 
is published in the last volume of the Journal. 

Adjourned local meetings were held in two centres following the 
two General Meetings in the year. Following the May Meeting, an 
adjourned meeting was held in the Mappin Hall of the University of 
Sheffield on May 10, 1928, at which over 90 members and their friends 
were present; Mr. Frank W. Harbord, C.B.E., was in the Chair. 
Following the Autumn Meeting, an adjourned meeting was held at the 
Engineers’ Club, Birmingham, on October 25, 1928, under the Chairman- 
ship of Mr. George Hatton, C.B.E.; about 50 members and their 
friends took part in the proceedings. 

Both adjourned meetings were very successful, and thanks are 
particularly due to the local organisers for their trouble and careful 
forethought in making the arrangements. 


BrsseMER MEDAL. 


For the year 1928 the Bessemer Gold Medal was awarded by the 
Council to Mr. Charles M. Schwab in recognition of his eminent services 
in promoting the progress of the iron and steel industries. 
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PAPERS. 


Twenty-five papers were contributed to the Proceedings of the 
Institute during the year. Of these, seventeen papers were presented 
at the Annual Meeting and eight at the Bilbao Meeting. The following 
is a complete list : 


Szconp Report on HereRocennrry or Sruet Ingots. By a Committee 
of the Institute. 


Bauzoua, J.—‘‘Iron Ore Mining in Vizcaya.” 
Crooks, A., and T. THomson—“ The New Plant of the Appleby Iron Co., 
Ltd.” 


Epwarps, C. A., and T. Yoxoyama—“ The Influence of Varying Strains and 
Annealing Temperatures on the Growth of Ferrite Crystals in Mild Steel.” 


Evans, E. C., and F. J. Barnny— Blast-Furnace Data and their Correlation.” 


Everest, A. B., and D. Hanson—‘‘ The Influence of Nickel in Iron-Carbon- 
Silicon Alloys containing Phosphorus.” 


Frienp, J. Newron—‘‘ A Study of the Resistance of Over-Stressed Wrought 
Irons and Carbon Steels to Salt-Water Corrosion.” 


Harsorp, V.—‘* A Comparison of the Most Important Methods Employed in 
the Cleaning of Blast-Furnace Gas.” 


Haterrerp, W. H.— Heat-Resisting Steels. Part I1.—Mechanical Properties.” 


Herrero, A., and M. pr Zuprr1ra— The Phenomena of Corrosion of Tron and 
Steel.” 


Houeate, J. E., and R. R. F. Wattron—“ Blast-Furnace Practice in Natal.” 

Jonus, J. A.—‘‘ The Properties of Nickel Steels, with Special Reference to the 
Influence of Manganese.” 

Jones, J. H., J. G. Kina, and F. 8. Srynarr—* Reactivity of Coke.” 

Norsury, A. L., and T. Samurt—“ The Recovery and Sinking-In or Piling- 
Up of the Material in the Brinell Test, and the Effects of these Factors 
on the Correlation of the Brinell with certain other Hardness Tests.” 

O’Neitt, H.—‘*‘ Twin-Like Crystals in Annealed «-Iron.” 

OrtaNnd, J.— The Influence of Pearlitisation below the Ar, Point on the 
Mechanical Properties of Carbon Steels.” 

Pearce, J. G.—‘‘ The Use and Interpretation of the Transverse Test for Cast 
Tron.” 

Preriz, L. B.—‘‘ The Change in Tensile Strength due to Ageing of Cold-Drawn 
Tron and Steel.” 

Regs, 8. H.—‘‘ Some Properties of Cold-Drawn and of Heat-Treated Steel 
Wire.” 

Swan, J.—‘‘ The Effect of Silicon on Tungsten Magnet Steel.” 

SwinpDEn, T., and P. H. Joanson—‘‘ Chromium Steel Rails.” 

TapseLL, H. J.—‘‘ The Fatigue-Resisting Properties of 0-17 per Cent. Carbon 
Steel at Different Temperatures and at Different Mean Tensile Stresses.” 

Westcren, A., G. Poragmaén, and Tr. Neqgresco—‘ On the Structure of the 
Tron-Chromium-Carbon System.” 

Wuairecey, J. H.—‘ Effects Observed in Quenched Liquid Steel Pellets and 
their Bearing on Bath Conditions.” 


Woopwarp, W. E.—‘‘ The Rapid Normalising of Overstrained Steel.” 
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Volume XVII. of the Carnegie Scholarship Memoirs was published 
in 1928, and contained the following reports : 


Arnreut, F. H.—‘‘ On the Constitution of the Iron-Tungsten and the Iron- 
Molybdenum Alloys.” 


Bramiezy, A., and G. TuRNrr—‘ The Gaseous Cementation of Iron and Steel. 
Part IV.—The Action of Mixtures of Carbon Monoxide and Ammonia on 
Tron and Steel and its Bearing on the Process of Cementation.” 


Bramiey, A., and F. W. Haywoop—‘ The Gaseous Cementation of Iron and 
Steel. Part V.—Determination of the Iron/Iron-Nitride Eutectoid. The 
Action of Ammonia on Steels containing Different Concentrations of Carbon. 
Appendix.—Determination of the Iron/Iron-Carbide Eutectoid and the 
Solubility of Carbon in «-Ferrite.”’ 


DzrarpeEn, W. H.—*‘ The Specific Heat of Iron below 400° C.” 


O’Nerti, H.—“ Hardness and its Relation to the Cold-Working and Machining 
Properties of Metals. Part IT.” 


Parrriper, J. H.—‘‘ Electric and Magnetic Properties of Cast Iron.” 


PUBLICATIONS. 


The usual two volumes of the Journal, containing together 1546 
pages, a volume of the Carnegie Scholarship Memoirs of 190 pages, and 
a List of Members (166 pages), have been published during the year. 


ANDREW CARNEGIE RESEARCH SCHOLARSHIPS. 


On the recommendation of the Carnegie Research Committee, 
grants were made by the Council during the year to the following 
candidates : 


Davip Binnie (Glasgow), £100, to assist him in continuing his 
research work under Professor J. H. Andrew at the Royal 
Technical College, Glasgow, on behalf of the Heterogeneity 
Committee, the subject being the determination of the liquidus 
and solidus of carbon and alloy steels, and a study of reactions 
of sulphides in liquid and solid steels. 


B. 8. Smrrxn (Sheffield), £100, to assist the continuation of his 
research work under Professor C. H. Desch, F.R.S., at Sheffield 
University on behalf of the Heterogeneity Committee, the 
subject being the viscosity of molten steel. 


Henry Temet (Kladno, Czechoslovakia), £50, in aid of a research on 
the sulphur contents in slag of the open-hearth process. 


JosepH VieTorisz (Budapest), £50, in aid of an investigation on 
the properties of malleability of rolled or hammered iron and 
steel. 
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CARNEGIE GOLD MEDAL. 


For the year 1928 the Carnegie Gold Medal was awarded by the 
Council to Dr. Arthur Bramley for his researches on the cementation 
of steel by various media. 


WrituiAMs Prize. 


In the year under review, two of the papers by authors qualified 
for consideration appeared to the Council to be worthy of an award, 
and accordingly it was decided to divide the prize between them as 
follows: To Messrs. J. EH. Holgate and R. R. F. Walton, 50 guineas, 
for their paper on “ Blast-Furnace Practice in Natal”; and to Messrs. 
A. Crooke and T. Thomson, 50 guineas, for their paper on “ The New 
Plant of the Appleby Iron Co., Ltd.,’’ both presented at the Annual 
Meeting. 


LIBRARY. 


During the year 1928 the Library has been enriched by the addition 
of 85 text-books, of which 37 have been presented, and the Council 
take the opportunity to extend their sincere thanks to the donors. 
Besides these over 450 pamphlets and over 300 different periodicals 
and Transactions of Scientific Societies have been received. 

The upkeep of the Library involves an ever-growing expense, and 
the presentation of books and pamphlets dealing with iron and steel 
m . ufacture is most gratefully appreciated. The increasing demands 
made upon the Library for the loan of volumes and for research and 
inquiry is an indication of the value of the Library service to the 
members. During the past year about 650 volumes were sent out on 
loan. 


TECHNICAL COMMITTEES. 


The Technical Committees of the Institute have been prosecuting 
their studies during the last year, and have carried forward their labours 
to various stages of advancement. Committee No. 2 on Blast-Furnace 
Plant and Practice has presented a Report, which will be found in 
the present Journal. 

Committee No. 5 has given further attention to the preparation 
and supply of new standard samples. 

The Committee on the Heterogeneity of Steel Ingots has made 
progress, and a Third Report is published in this Journal. 

By the co-operation of the Iron and Steel Institute with the National 


REPORT OF COUNCIL. 15 


Federation of Iron and Steel Manufacturers, a Committee was appointed 
during the year to study the problem of corrosion. The Committee 
has held several meetings, and has already made some headway with 
the work. 


Tar WorsHrIpruL Company or BLACKSMITHS, 


In accordance with the understanding with the Wardens of the 
Company of Blacksmiths, applications for nomination for admission 
to the Company were invited, and Mr. W. J. Talbot of Walsall and 
Dz. G. E. K. Blythe of London have been recommended by the Council 
for admission to the Company. 


APPOINTMENT OF REPRESENTATIVES. 


The President continues to represent the Institute on the General 
Committee of the Royal Society for administering Government Grants 
for Scientific Investigations. Mr. M. Mannaberg and Mr. F. W. 
‘Harbord, C.B.H., represent the Institute on the Board of the National 
Physical Laboratory, and Sir Hugh Bell, Bt., C.B., performs a like 
office on the Board of Governors of the Imperial College of Science 
and Technology. 

The Institute representatives on the Main Committee of the British 
Engineering Standards Association have been Mr. M. Mannaberg, 
Mr. B. Talbot, and Dr. W. H. Hatfield ; on the Sub-Committee for Cast 
Iron, working under the direction of the Sectional Aircraft Committee, 
Mr. H. J. Yates and Dr. W. H. Hatfield ; on the Sectional Committee on 
Cast Iron, Mr. H. B. Toy; on the Technical Committees of Motor 
Industries, Mr. J. H. 8. Dickenson; on the Sectional Committee for 
Chemical Engineering, Mr. F. W. Harbord, C.B.E.; and on the 
Committee engaged in revising the British Standard Specifications for 
Conduits and Fittings for Electric Wiring, Professor T. Turner. 

Mr. F. Clements is the Institute representative on Panel D, on 
Gas-Producer Trials, of the Institution of Civil Engineers. Professor 
T. Turner is the Institute’s Delegate to the British Cast Iron Research 
Association. Sir Robert Hadfield, Bt., and Mr. Harbord represent the 
Institute on the Council of the British Refractories Research Associa- 
tion, and Mr. Harbord represents the Institute on the Alloys of Iron 
Research Committee, and on the Advisory Board of the Royal School 
of Mines. On the Committee on the Improvement and Development 
of Basic Slag, formed by the Ministry of Agriculture and Fisheries, 
the Institute is represented by Dr. A. Cooper, Mr. M. Mannaberg, 
Mr. G. Hatton, C.B.E., and Mr. B. Talbot; on the Grey and Malleable 
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Iron Research Committee of the Department of Scientific and Industrial 
Research by Professor T. Turner; on the Technical Committee of 
Lloyd’s Register of Shipping by Lord Invernairn and Mr. W. Simons ; 
on the Board of Governors. of the School of Metalliferous Mining 
(Cornwall), as well as on the Advisory Committee for the Metalli- 
ferous Mining and Quarrying Industries, by Professor H. Louis. 
Mr. M. Mannaberg is the representative of the Council on the Council 
of the Institution of Fuel Technology. 

Sir Robert Hadfield, Bt., represents the Institute on the British 
Association Fuel Economy Committee, on the Court of Sheffield 
University, and on the Home Committee for the University of Hong 
Kong; while Sir W. Peter Rylands acts similarly on the Court of the 
University of Liverpool. 

Mr. F. W. Harbord, C.B.H., has been appointed to represent the 
Institute on the Mechanical Warfare Board called into being by the 
Army Council. 


CHANGES ON THE COUNCIL. 


At the Annual Meeting in May 1928 Mr. Benjamin Talbot was 
elected President of the Institute, and Professor Henry Louis has been 
nominated by the Council to succeed in the Presidency at this Annual 
Meeting of 1929. 

Mr. John Craig, C.B.E., was elected Vice-President to fill the vacancy 
caused by Mr. Talbot’s accession to the Presidency, and Mr. HK. J. George 
has been elected a Member of Council to take the seat vacated by 
Mr. Craig. 

In accordance with Byelaw 10, the names of the following Vice- 
Presidents and Members of Council were announced at the Autumn 
Meeting as being due to retire at the Annual Meeting, 1929. 

Vice-Presidents—Mr. H. H. Saniter ; Colonel Sir W. Charles Wright, 
Bt., K.B.E., C.B.; Mr. M. Mannaberg. 

Members of Council—Mr. A. Dorman; Dr. W. H. Hatfield; Mr. 
V. B. Stewart, C.B.H.; Mr. H. Spence Thomas; Mr. A. O. Peech. 

No other members having been nominated up to one month 
previous to the Annual Meeting, the retiring members, in accordance 
with the announcement made at the Autumn Meeting, are presented 
for re-election. 
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INDUCTION OF THE NEW PRESIDENT. De 


INDUCTION OF THE NEw PRESIDENT. 


The Present said he now had the pleasing duty of inducting 
his successor, Professor Henry Louis, M.A., D.Se., into the Chair. 
Professor Louis was of international reputation. Asa young man 
he worked at the puddling furnaces, the blast-furnaces, and also 
at a 10-ton steel furnace, which was thought very large in those 
days. Some of the other members did the same thing, and they 
certainly obtained experience, and possibly physical develop- 
ment, at the same time. He was sure that Professor Louis 
would receive not only the help of the Council but of the indi- 
vidual members, and that he would have a very successful term 
of office. 


[The Chair was then vacated by Mr. Talbot, and taken, amid 
hearty applause, by the new President, Professor Henry Louis. | 


Sir W. Pserpr Rynanps, J.P. (Past-President), in moving 
“That the best thanks of the Institute be accorded to the retiring 
President for his services to the Institute during the past year,” 
said it had been very pleasing to all of those keenly interested 
in the steel trade that Mr. Talbot should have occupied the Chair 
during the past year. Of all the Presidents of recent years he 
did not think there was one who had been quite so actively con- 
nected with the practical technical advancement of works practice 
in the steel trade as Mr. Talbot. His earliest recollection of Mr. 
Talbot as a member of the Institute was in regard to the papers 
he read on steel practice, furnaces, and sound ingots. He did 
not know whether Mr. Talbot had entirely solved the problem 
of how to produce an absolutely sound ingot, but certainly his 
papers upon the subject were most illuminating and suggestive, 
and, he had no doubt, marked an advance in that branch of their 
art and science. The members desired to thank Mr. Talbot for 
his services, and for the distinction and lustre that he had added 
to the office of President, which had been handed down to him 
from very many distinguished predecessors. He had very much 
pleasure in proposing that a hearty vote of thanks be accorded to 
Mr. Talbot for the work he had done for the Institute during the 
past year, and for the services he had rendered to all the members. 


D4 PRESENTATION OF THE BESSEMER GOLD MEDAL. 


Mr. Frank W. Harsporp, 0.B.H. (Past-President), formally 
seconded the resolution, which was carried by acclamation. 


Mr. Bensamin Tanzor (retiring President) thanked Sir Peter 
Rylands for the all too kind words he had used in reference to his 
services to the Institute. His work during the past year had been 
a labour of love, and he had enjoyed every minute of it. The 
Council and the individual members had been very helpful to 
him, and had made his work exceedingly easy. He thanked 
the members most sincerely for the cordial manner in which the 
resolution had been passed. 


The Prestpent announced that the Council had sent to Sir 
Hugh Bell a message of sympathy for his recent long and serious 
illness. In reply the following telegram had arrived during the 
meeting : 


“ Best wishes to the new President for successful period of office. 
I take this opportunity of thanking my colleagues of the Iron and Steel 
Institute for the kind sympathy they have expressed towards me during 
my illness. Sir Hugh Bell.” (Applause.) 


PRESENTATION OF THE BEssEMER GOLD MEDAL TO THE 
Hon. Sir Cuarues Parsons, O.M., K.C.B., F.R.S. 


The PresipEent (Professor Louis) said the first official task 
allotted to the position to which the members had been good 
enough to elect him was the extremely agreeable one of presenting 
the Bessemer Gold Medal of the Institute to his distinguished 
fellow-townsman, Sir Charles Parsons. It was a curious coinci- 
dence and peculiarly appropriate that on the Diamond Jubilee, 
the Sixtieth Anniversary of the foundation of the Institute, which 
had its origin in Neweastle-on-Tyne, the highest distinction which 
the Institute had in its power to award should go to a man whose 
work had been connected with Neweastle-on-T'yne. In such an 
assemblage it was entirely unnecessary—indeed it might almost be 
considered impertinent—to attempt to enumerate the very large 
number of services which Sir Charles had rendered to every branch 
of technology—services which covered everything from the manu- 
facture of diamonds to that of steel ingots, from particles of micro- 
scopic dimensions to huge Atlantic liners. It was quite sufficient 
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to say that there was hardly an ironworks of any importance 
in the country in which a steam-turbine or a turbo-blower was not 
to be found at work. The brilliant work that Sir Charles Parsons 
had done had naturally brought him many, indeed he might even 
say most, of the distinctions that any man in his profession could 
covet ; but he ventured to think that, having regard to the long 
hist of eminent men to whom the Bessemer Medal had been 
awarded in the past, even Sir Charles Parsons might take a pride 
in adding his name to so distinguished a roll, and the Iron and Steel 
Institute was certainly very proud that Sir Charles Parsons’ 
name should appear upon it. It was unnecessary for him to say 
more on such an oceasion, and it therefore only remained for him 
to hand Sir Charles Parsons the Bessemer Gold Medal, and to 
express the cordial wish that he might hold it, together with his 
many other distinctions, for very many years yet to come. 


[The Presipmnt then, amid hearty applause, presented the 
medal to Sir Charles Parsons. | 


The Hon. Sir Cuartes Parsons, O.M., K.C.B., F.B.S., 
tendered his sincere thanks to the Council for having presented 
him with the Bessemer Gold Medal, and expressed his profound 
sense of the great honour conferred upon him. 


The Presidential Address was then delivered (see p. 29), and 
the following papers were read and discussed : 


First Report on Buast-Furnace Pianr anp Practice. By a 
Committee of the Institute. 


BE. H. Lewis: ‘“‘ Twenty Months’ Results of Dry-Blast Operation.” 

W. EE. Stwons: “ The A.I.B. Sinter Plant at Messrs. Guest, Keen and 
Nettlefolds, Ltd., Cardiff Works.” 

R. H. Greaves, H. H. Apram, and 8. H. Rezs: “ The Erosion of 
Guns.” 

H. Surron: “ The Influence of Pickling Operations on the Properties 
of Steel.” 


G. A. Hankins and Miss G. W. Forp: ‘“‘ The Mechanical and Metal- 
lurgical Properties of Spring Steels as Revealed by Laboratory 
Tests.” 
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The Hon. Sir Cuartes Parsons, O.M., K.C.B., F.R.S., and H. M. 
Duncan: ‘“ A New Method for the Production of Sound Steel.” 


Turrp Report on THE HETEROGENEITY OF STEEL Incors. By a 
Committee of the Institute. 


J. M. Ropertson: “ The Microstructure of Rapidly Cooled Steel.” 


Darrrey Lewis: “ The Transformation of Austenite into Martensite 
in a 0:8 per Cent. Carbon Steel.” 
A. L. Norsury: “Constitutional Diagrams for Cast Irons and 


Quenched Steels.” 
G. R. Botsover: “ Brittleness in Mild Steel.” 
L. B. Prem: ‘“‘ The Oxidation of Iron and Steel at High Temperatures.” 
EK. G. Herspert and P. Wairaker: “ The Differential Method for 
Measuring the Thickness of Hard Cases without Sectioning them.” 


T. E. Rooney and G. Barr: “A Method for the Estimation of 
Hydrogen in Steel.” 


JUBILEE GREETINGS FROM OVERSEAS. 


Mr. B. TauBor (retiring President) read the following message 
which he had received from Mr. Charles M. Schwab : 


‘* Please convey my congratulations to your Iron and Steel Institute 
upon their Diamond Jubilee, and also my good wishes to the gentle- 
men who have for so long been identified with it. I also send you 
these greetings as President of the American Iron and Steel Institute, 
for your kindly attitude to me still remains a warm and happy memory 
which I shall always retain. With best wishes for a delightful and a 
successful meeting—I am, Yours sincerely, Charles M. Schwab.” 


The PresipDENT said the members would be interested to hear 
that the Institute had received cables from two gentlemen who 
were very prominent in their efforts to entertain the members at 
Bilbao the previous year, Senor Don Alfonso de Churruca and 
Count de Zubiria. Both those gentlemen congratulated the Insti- 
tute on its Diamond Jubilee. The meeting would be glad to know 
their friends in Bilbao were keeping them in mind. (Applause.) 


PRESENTATION OF CARNEGIE GoLtD MEDAL TO 
Dr. A. BRAMLEY. 


The PresipENT said it was his very pleasant duty to present 
the Carnegie Gold Medal to Dr. Bramley. The medal was awarded 
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in respect of the Report which, in the opinion of the Council, was 
the most meritorious piece of research work presented in the 
course of the year by anyone working under the Carnegie Scholar- 
ship Scheme of the Institute, with the aid of a grant from the 
Carnegie Scholarship Fund. Dr. Bramley was an Associate of 
the Royal College of Science of South Kensington, and had taken 
his degree of Doctor of Science (London University) in 1916. 
Since 1919 he had been in charge of the Department of Pure and 
Applied Science at Loughborough College, Leicestershire. The 
first Report presented by him to the Institute had dealt with the 
gaseous cementation of iron and steel, which had been followed by 
further Reports on the diffusion of carbon and nitrogen into iron 
and steel. In all, Dr. Bramley had presented six Reports, which 
had all been printed in the Carnegie Scholarship Memoirs, and he 
was greatly to be congratulated on the high standard of metal- 
lurgical research work which had been attained by him in his 
capacity as chief of his Department at Loughborough College. 


[The President then presented Dr. Bramley with the medal 
amidst hearty applause. | 


Dr. BraMLEyY, in acknowledging the award, said he desired to 
take the opportunity of thanking all his associates who had helped 
him with the work. He could not have got through it without 


their most valuable assistance. 


AWARD OF THE WILLIAMS PRIZE. 


The Presrppnt announced that the Willams Prize of 100 
guineas, given for the best practical paper of the year, had been 
awarded in respect of a paper on Blast-Furnace Practice in Natal, 
written by Messrs. J. H. Holgate and R. R. F. Walton, who 
received 50 guineas, and 50 guineas in respect of another paper— 
on the New Plant of the Appleby Iron Co., Ltd.—by Messrs. 
A. Crooke and T. Thomson. Both of these papers were 
thoroughly practical papers, and, in the opinion of the Council, 
fulfilled the somewhat onerous, but very sound and sensible, 
conditions laid down by the donor of the prize. He had much 
pleasure in making the announcement. (Applause.) 
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CARNEGIE RESEARCH GRANTS. 


The Secretary announced that applications for grants were 
received from nine candidates, and, after careful investigation of 
all the applications, the Council had decided that grants of the 
amounts shown below be awarded to the following applicants : 


R. H. ABporn (Cambridge, Mass., U.S.A.), £100, in aid of a research 
on the occurrence of oxygen in iron and steel and its influence, 
particularly on red-shortness. 


J. HE. DANGERFIELD (Birmingham), £100, in aid of a research on nickel 
and silicon in whiteheart malleable cast iron, with special reference 
to thin-walled malleable. 

S. G. Ericson (Stockholm), £100, to assist in determining directly the 
volume change occurring at the solidification of iron. 

A. L. Norsury (Birmingham), £100, in aid of a research on the effects 
of special elements on the physical and mechanical properties of 
cast iron. 

H. O’Netii (Manchester), £50, to assist in an investigation of the 


hardness of metals as determined by a method of ‘“‘ unrecovered ” 
indentation measurement. 


PRESIDENTIAL ADDRESS. 
By Prorrssorn HENRY LOUIS, M.A., D.Sc., &c. 


My first duty on taking this Chair is to render you my very 
heartfelt thanks for the honour you have done me in electing me 
to it; highly though I value this honour, I must admit that I 
view with no little trepidation the duties which it is laying upon 
me. It is no light task to endeavour, as best I may, to tread in 
the footsteps of the long line of illustrious men who have preceded 
me in the Presidency of the Iron and Steel Institute—men whose 
example rises before me as I speak, and not a few of whom I have 
been privileged to know during the relatively long period in which 
T have been connected with this Institute, seeing that it is exactly 
fifty years ago that I read my first paper before it at a meet- 
ing made memorable by the fact that it was the occasion when 
Messrs. Gilchrist and Thomas communicated to the members of 
the Institute the epoch-making process which they had invented. 

The changes which this half-century has wrought in the 
manufacture of iron and steel would of themselves present a 
fascinating theme, but I propose to-day, with your permission, to 
take a much wider range, and to put before you a short summary 
of the history of iron manufacture from its very beginning, viewed 
in the special light in which I venture to regard it—namely, as a 
consequence and corollary of the ever-increasing power which 
mankind gradually learnt to exercise over the production of heat. 
T hope to be able to show that the history of iron and the history 
of heat generation have gone hand-in-hand throughout the ages, 
and that the former has been absolutely dependent upon the latter. 

It is, perhaps, an especially appropriate thesis for me to develop 
on account of my close connection with another great Institute, 


' the Institution of Mining Engineers, the members of which are 


responsible for by far the greater portion of our output of that fuel 

which is nowadays almost the sole source of heat that has been 

pressed into the service of iron and steel manufacture. | 
The date and even the place of the first use of iron by mankind 
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have never been determined ; it appears to be generally held that 
it was first produced in workable quantity on the southern flanks 
of the Caucasus, and the date assigned is usually somewhere about 
8000 B.c., though for my purpose both the place and the exact or 
even the approximate date are matters of but secondary import- 
ance. It is at any rate certain that, before iron came into use, 
the metallurgy of bronze was already highly developed. Articles 
of bronze of the Later Bronze Age show that the art of bronze- 
founding had already reached a high stage of perfection. The art 
of making cored castings was undoubtedly known, and it seems 
probable that even the cire perdue process had been invented. 
No doubt the simple reduction of metallic iron from its ores would 
have been well within the capabilities of these primitive metal- 
lurgists, but from the simple reduction of the metal to its fashion- 
ing into any useful form is quite a far step. Oxide of iron is 
reducible to the metallic state at a very low temperature, not 
exceeding 500° C.,1 but the iron so produced is more or less 
pulverulent and useless for all practical purposes. To weld it into 
a coherent mass capable of useful application requires not only 
a considerably higher temperature, but for articles of any size a 
considerable body of heat. There seems to be little doubt that 
in the early days articles were occasionally forged from meteoric 
iron, but this operation would require quite as much heat as 
forgingiron reduced fromore. The only information that we have 
as to the early means of producing the necessary heat is derived 
from Egyptian mural paintings. It is significant that all the 
earlier ones—for instance, one from the frescoes of Beni-Hassan 2 
(Fig. 1), said to date from about 2500 B.c.—show men blowing 
up a fire beneath a crucible by means of mouth blowpipes made 
of reed and tipped with clay, and it is evident that with such 
rudimentary appliances only very small pieces of iron could be 
produced. In corroboration, it may be pointed out that at these 
very early times iron was evidently looked upon as a scarce and 
valuable substance ; in the Swiss lake dwellings,’ and at Hallstatt,4 
in Austria, articles of bronze have been found inlaid with iron, thus 

1H. H. Meyer, Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Hisen- 
forschung, 1928, vol. x. p. 107. 

* Wilkinson, ‘“‘ The Early Egyptians,” vol. iii. p. 223. 


* R. Munro, “ The Lake Dwellings of Europe,” pp. 516, 542, 545. 
4 * Archeologia,” vol. lviii. 
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? 


indicating that the latter metal was the more valuable of the two. 
The date of the Hallstatt articles is usually given as between 1000 
and 875 B.c.1 The Crown Prince of Sweden in his recent excava- 
tions at Nauplia, on the Bay of Tolon, Greece, found a silver ring 
in which was set a seal made of iron; this was found in a tomb 
together with a bronze dagger and other bronze articles, the date 
assigned being about 1100 s.c. The first known representation 
of any mechanical means for producing a blast is from the walls 
of a tomb of the period of Thothmes III.,? supposed to be from 


Fie. 1.—Blowing Up the Fire by the Mouth Blowpipe (Egypt). 


about 1500 8.c. This primitive bellows (Fig. 2) apparently con- 
sists of a flat pot covered with skin, in the centre of which is cut 
a hole that can be closed at will by the heel of the operator, which 
thus forms a valve, the skin, when released by the heel, being 
pulled up by a cord in the worker’s hand. It is interesting to 
note that this identical type of bellows is still used in India by 
certain tribes for the purpose of iron manufacture, the only im- 
provement in over 3000 years being the use of a couple of light 
bamboos which act as springs to pull up the hide cover. A photo- 
graph of a native lad working these bellows (Fig. 3, Plate I.), taken 
a few years ago by the late Mr. Seymour Wood, shows the method ; 


1 Harold Peake, “‘ The Bronze Age and the Celtic World,” p. 118. 
2 Wilkinson, ‘“ The Ancient Egyptians,” vol. iii. p. 339. 
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moreover, these bellows have been figured in full detail by 
Dr. John Percy in his classical work on the “ Metallurgy of Iron 
and Steel.’ } 

Various other forms of bellows? are also in use in different 
parts of India. Another of Mr. Wood’s photographs (Fig. 4, 
Plate I.) shows a man cleaving with an axe the lump of soft 
iron made by the above-described bellows; it is therefore certain 
that a furnace urged by such bellows can be used for reducing 
iron from its ores in masses of workable size. I am aware that 


a, b, k, 0, the leather case. 

c, é, l, n, the pipes conveying the wind to the fire. 
d, m, the fire. 

h, q, charcoal. 

k and o are raised as if full of air. 


Fia. 2.—The Earliest Known Form of Bellows (Egypt). 


some authorities maintain that iron was used in Egypt for in- 
dustrial purposes before 2500 B.c.,? but even if this were correct, 
it would be only in quite small pieces. In any case I would 
suggest that it could not have been much used before some means 
of readily producing the required blast had been devised; so far, 
all that can be said definitely is that such invention must have 
been prior to 1500 B.c., but no one can say how much earlier, 

1 P, 263, Figs. 4 to 10. 

2 See Percy, op. cit., pp. 254-270. For a detailed description see paper 
by F. H. Wynne, Z'ransactions of the Institution of Mining Engineers, 1903-1904, 
vol. xxvi. p. 231, with photographs taken in 1903 when Mr. Wynne, now Deputy 


Chief Inspector of Mines, was acting as my assistant. 
3 Journal of Egyptian Archeology, 1928, vol. xiv. p. 191. 
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Fic. 4.—Cutting a lump of direct-made iron in India. 


{To face p. 32. 


PLATE II. 


Fic. 5.—Charcoal blast-furnace at Backbarrow in 1909. 


[To face p. 33 
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though it does appear probable that it may have taken place 
between the years 2500 s.c. and 1500 B.c. 

The position at a tolerably reliable date can be well esti- 
mated from the British Museum excavations at Djerabis on the 
Kuphrates (the Carchemish of Biblical times); as recorded in 
Biblical writings and elsewhere, this place was the scene of fight- 
ing between the Babylonians and Egyptians as early as 604 B.c.1 
The finds consisted of broken swords and spear-heads, all of bronze, 
and of numerous arrow-heads, both of bronze and of iron; there 
was also found a beautifully finished bronze mould for casting 
the bronze arrow-heads, and it is particularly noteworthy that 
these bronze arrow-heads are far superior in execution and finish 
to the iron ones—the iron ones being all tanged, whilst most of 
the bronze arrow-heads are socketed. The fact of finding the 
bronze mould is clear evidence that bronze arrow-heads were 
used by the defending force—that is, by the Egyptians, or more 
probably by their Hittite allies —though it is impossible to say 
that they did not also use iron ones, neither is there any definite 
evidence as to the type of arrow-head used by the Babylonians, 
who may have had either bronze or iron, or both, as far as the 
evidence from the finds goes. It is therefore evident that at this 
date, even in the centre of the highest civilisation of the time, skill 
in working iron had not reached anything like so high a level as 
that of the bronze-worker ; the finds are, of course, not conclusive 
evidence that no larger weapons of iron were in use at the time, 
but I think that the conclusion may fairly be drawn that they 
must have been far scarcer than the bronze weapons, and that the 
difficulty of working even moderately large pieces of iron had by 
no means been fully overcome, and that whilst small articles of 
iron could be made readily enough, there must still have been 
difficulty in producing the larger articles which required a con- 
siderable body of heat. This emphasises the essential point which 
I want to bring out, that the means of generating the requisite 
heat must have been the controlling condition in the manufacture 


1 See 2 Chronicles xxxv. 20-24, and Jeremiah xlvi. 13-26; also Wilkinson, 
‘“‘The Ancient Egyptians,” 1836, vol.i. p. 163. The “Encyclopedia Britannica” 
states that Nebuchadnezzar attacked and captured Carchemish in 605 B.c. A 
wall-case label in the British Museum reads: “‘ Objects found in the ruins of 
a large house in the outer town of Carchemish destroyed in 604 B.c. when 
Nebuchadnezzar defeated Pharaoh Necho who had occupied the town.” 

2 Private communication from Mr. C. Leonard Woolley, 


1929—i. D 
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of iron. Furthermore, as is well known, whilst iron reduced at a 
low temperature, even from impure ores, is sufficiently pure not 
to be brittle, it must necessarily be very soft, and it may readily 
be supposed that a well-made bronze sword was for quite a while 
superior to a soft iron one. This difficulty must have persisted 
until a much later date in Northern Europe, since the Norwegian 
Sagas 1 more than once record that a warrior had a sword so soft 
that he had to stop to straighten it underfoot in the course of 
the conflict. It would appear to be probable that a good deal of 
the earlier iron made in Northern Germany and Scandinavia must 
have been reduced from bog iron ores ; these ores are usually high 
in phosphorus, and the reduction must have taken place at quite 
a low temperature and, therefore, have produced a very soft iron. 

On the other hand, it is quite certain that in the countries bor- 
dering on the Mediterranean, where the knowledge of metallurgy 
was much older and civilisation was much further advanced, 
temperatures high enough to cause some carbon to combine with 
the iron and thus make relatively low carbon steel or steely iron 
had been attained at a very much earlier date, as is evident from 
the oft-quoted passage in Homer’s Odyssey 2; from this it is 
obvious that steel or steely iron capable of being hardened by 
quenching was known in Homer’s time, though the carbon content 
could not have been excessive, seeing that the metal so treated was 
not too brittle to prevent its being used as an axe; yet there 
must have been enough carbon present to cause perceptible har- 
dening by quenching, seeing that Homer states that such quench- 
ing gives strength to the iron. On the other hand, Homer’s 
frequently repeated epithet for iron “ wrought with much toil’’3 
shows that the manufacture of iron was still in an elementary 
stage ; it will be remembered that Homer certainly wrote before 
800 B.c. 

It could, however, not have been very long after the beginning 
of our era before, with the employment of larger furnaces and, 
therefore, the production of a greater body of heat, a true steel 


1 See, for instance, the account of one of the fights of Steinthor of Ere about 
A.D, 997: “Eyrbyggja Saga”? (the Saga Library, vol. ii. p. 120) ; also, a fight of 
ee Olafsson, about a.p. 1000: ‘“‘Laxdela Saga” (translation by M. A. Press, 
p- : 

2 “ Odyssey,” Book IX., line 391 e¢ seg. - 

% olinpos moAvKuntos. “‘ liad,” VI., 48; X., Ayko” Se Eee 
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was produced, and this would, of course, be the case more readily 
when manganiferous ores happened to be employed instead of 
ordinary iron ores. Thus both Horace! and Ovid? refer in their 
poems to the high quality of Noric iron. The Noric kingdom 
corresponded to the region now known as Styria and Carinthia, 
and it is quite probable that this Noric iron was made from 
manganiferous spathic iron ores of the Styrian Erzberg of 
Hisenerz.? Jars,+ who visited the Erzberg in 1758, calls attention 
to the fact that steel was readily produced by smelting certain 
of these ores. Similar ores appear also to have been worked in 
Spain, and they, too, must have produced steel or steely iron, and 
we have evidence that some at any rate of this material consisted 
of iron combined with sufficient carbon to be capable of being 
appreciably hardened by quenching. It must be remembered that 
the above statements as to the use of iron refer only to the region 
which at that early date was the centre of human civilisation ; it 
is generally held that iron was not introduced into Britain until 
500 3.c., and that its manufacture did not commence in these 
islands until about a century later. 

Before Caesar’s invasion, iron was certainly being made in the 
South of England, though the Brigantes in the North ® appear 
still to have been in a Stone Age. Before Caesar’s time, iron 
currency bars ® were in use in Southern Britain—a fact which 
would seem to imply that, although iron was being made, it 
was still scarce and comparatively valuable. After Britain had 
become a Roman province, iron was made at numerous places in 
this country, most actively perhaps in the Forest of Dean, though 
there were various other important centres of early Roman iron 
production. The manufacture of iron continued in this country 
throughout the Roman occupation. The largest mass of Roman 
iron found in this country, if not in the world, is the mass 
discovered at Corstopitum, near Corbridge, in Northumberland, 
described by Sir Hugh Bell.’ Its date is considered to be between 


1 “ Bpodon,” ch. 17, line 71; “‘ Odes,” Book IT., ch. 16. 

2 “ Metamorphoses,” Book XIV., line 712. : 

3 H. Bauerman, ‘“‘ Erzberg of Hisenerz,” Journal of the Iron and Steel Institute, 
1907, No. IIL., p. 27. 

4 “ Voyages Métallurgiques,”’ vol. i. p. 30. 

5 J. Newton Friend, “ Text-Book of Inorganic Chemistry,” vol. ix., pt. 2, p. 3. 

6 J. Newton Friend, Transactions of the Worcestershire Naturalist Club, 1919, 

it. 2. 

7 Journal of the Iron and Steel Institute, 1912, No. I. p. 118. 
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A.D. 350 and 880. and its weight was about 3 cwt. It is nteresting 
to note that the famous iron pillar of Kutub, near Delhi, dates 
from about the same period or a little earlier, but weighs no less 
than some 6 tons, so that at that date the Eastern iron makers 
were far ahead of their Western contemporaries. ‘There is, how- 
ever, no doubt that both of these masses of iron were produced 
by the same method, that of making relatively small lumps of 
iron by the direct process and welding them together. It is quite 
clear that the method of iron production throughout all this period 
was always the same—namely, direct reduction by charcoal in 
furnaces probably not more than 3 ft. or 4 ft. high, and blown by 
bellows worked by man power, in which the temperature was only 
high enough to produce soft malleable iron, or, at the best, with 
‘suitable ores a steely iron or a steel. Apparently this method of 
iron-making must have continued during the next thousand years 
or so; probably furnaces were steadily increasing in size, larger 
lumps of iron were being made, and probably steely iron or even 
steel was produced at will. The art of letting down or tempering 
steel must also have been discovered, and the technique of iron 
working, as distinct from the extraction of iron, made immense 
strides. 

An invention that must have contributed no little to the 
increase in the size and power of the medieval furnace was that 
of mechanical blast production. Agricola, whose well-known 
work is dated 1556, though he himself died in the previous 
year, figures and describes in much detail the construction of a 
bellows with valves of quite modern type, worked by a water- 
wheel,* and it is obvious from his description that the appliance 
was old enough for its details to have become standardised. It 
is on record that such bellows were in use at Géllnicz? in 1435. 
A natural result of the increase in the height and power of the 
furnace and of the attendant higher heats thus generated was 
the production of white cast iron, and it is tolerably clear from 
Agricola’s writings that this was known in his day. No doubt 
this unexpected result of the higher furnace temperature must 
have been a disagreeable surprise to the early metallurgist, who 
found in his furnace a lump of this hard, brittle, useless material 


1 “ De Re Metallica,” Book XII. 
* “Tron Ore Resources of the World,” vol. i. p. 178. 
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instead of the mass of malleable iron or steel which he hoped to 
produce. In the course of time, however, he would discover that 
this useless metal could have its pristine malleability restored to 
it, or, as he expressed it, the iron could be “ freshened ” by heating 
it in another (or possibly the same) furnace. Naturally, at that 
period the fact that the white iron was simply highly carburised, 
and that the freshening process consisted in burning out its carbon, 
could not have been even suspected, but when this technical 
stage had been reached the iron-worker no doubt soon learnt to 
appreciate the advantage of a continuous process in which the 
metal could be made to flow out from his reduction furnace, over 
a discontinuous process in which the lump of metal had to be 
dragged out of the furnace either by tearing down the furnace 
front or by lifting the lump bodily out of it. This step would 
lead to a still further increase in furnace and bellows capacity, 
and this in turn would bring about a further increase in furnace 
temperatures, with the again unexpected result of producing grey 
cast iron, as soon as the temperature became high enough to 
reduce sufficient silicon. It would soon be found that such iron 
ran very fluid and was admirably adapted for making castings. 
Apparently one of the very earliest forms of iron castings was the 
iron stove plate, which originated in Germany. A sketch is known, 
from which a stove plate was evidently intended to be cast, dated 
1474, in Nassau,! though the plate itself has not been found. 
The oldest known cast-iron stove plate is dated 1497 and was from 
the Hifel,2 which appears to have been one of the earliest centres 
at which castings of this kind were made. No doubt it took the 
early founders some time before they learnt to adapt their bronze- 
founding technique to this new material, very much in the same 
way as in our own time iron-founders have had to learn to modify 
their methods for the successful production of steel castings ; but 
the superior qualities of articies made of cast iron would be a 
sufficient incentive to urge these early workers to find out how to 
overcome their difficulties. Once this was done, a demand for 
such pig iron would arise and the blast-furnace making char- 
coal iron was evolved. The next step was the substitution of 
coke for charcoal, thus attaining the production of still higher 


1B. Schrédter, Stahl und Hisen, 1914, vol. xxxiv. p. 1075. 
2 Albrecht Kippenberger, “‘ Die Kunst der Ofenplatten.” Diisseldorf, 1928. 
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temperatures ; it is, by the way, interesting to note that the first 
coke furnaces still used bellows worked by a water-wheel, just as in 
Agricola’s time, and that these continued in use up to the middle 
of the eighteenth century.1 About that date they were, however, 
replaced by iron blowing cylinders, capable of generating a more 
powerful blast, and, therefore, of producing higher temperatures, 
whilst Neilson’s invention of the hot-blast in the year 1828 enabled 
still higher temperatures to be attained in the blast-furnace. : 

The next stage was the production of mild steel in the Bessemer 
converter and the Siemens open-hearth furnace, to be followed by 
the important modification of Thomas and Gilchrist, which we 
know as the basie process. Necessarily, these processes involved 
the use of still higher temperatures than had hitherto been 
attained, and finally we reach the production of alloy steels in 
the electric furnace with its capacity for generating still higher 
temperatures. 

I do not wish to imply that each one of these successive stages 
immediately and definitely put an end to all use of the earlier 
processes. (Quite the contrary is the case, for there are many 
examples of the old and new methods working side by side. 
Furthermore, it is quite probable that small articles of steel, and 
perhaps even of cast ron, may have been produced sporadically 
and more or less accidentally, long before the regular manufacture 
of these materials, on what may be called an industrial basis, had 
become established. Probably the first furnace in which cast 
iron was thus produced was the medieval German Stiickofen, and 
it seems that in this furnace either malleable iron or cast iron 
could be produced,? though it is not clear that the medieval 
smelter understood how to produce either the one or the other 
at will. Even to-day in India and in many other semi-civilised 
countries the direct process is still in use. Although cast iron 
was produced at least as far back as the fifteenth century, the 
Catalan? direct process survived in the Pyrenees until at any 
rate the middle of the nineteenth century, and I have seena direct 
process in operation in the Adirondacks, on Lake Champlain, in 
1879. Again, although Abraham Darby successfully made pig 
iron with mineral fuel as far back as the year 1735, charcoal 
blast-furnaces gre still in operation in Sweden and various other 


1 Percy, “‘ Metallurgy of Iron and Steel,” p. 889. 
2 Tbid., pp. 319, 326. 3 Tbid., p. 278. 
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parts of the world, and there was even one still at work in this 
country until quite recently at Backbarrow, near Ulverston ; 
this little furnace (Fig. 5, Plate IT.) used cold-blast as recently as 
the year 1909, when I, as consulting engineer to the company 
owning it, put in an iron pipe stove for heating the blast, and 
it was making charcoal iron until it was changed over to cold- 
blast coke pig iron on December 17, 1925. In spite, however, 
of this overlapping of processes and of the survival of the older 
methods alongside of newer ones, the line of progress is quite 
unmistakably defined. 

One interesting fact emerges from this review—namely, that 
each successive metallurgical advance has been attended by a 
deterioration in quality of the product (except in cases when an 
entirely new material has resulted), though each has been accom- 
panied by such an increase in quantity of output as to more than 
compensate for the inferior quality, by placing increasing quantities 
of iron at the service of mankind. It is only necessary to compare 
the blast-furnace of 1750, which, according to the records of the 
time, was doing excellent work when it produced 24 tons per week, 
with the modern furnace which smelts that quantity in about 
half an hour. On the other hand, it is undeniable that puddled 
iron is inferior to iron made by the direct process, that coke pig 
iron is inferior to charcoal pig, and that hot-blast pig iron is not 
as good as cold-blast pig. Again, whilst structural steel was in 
one sense an entirely new material, from another point of view it 
is not unfair to say that it is an inferior material to the older 
crucible steel. Nevertheless, it is also undeniable that the world 
is distinctly the richer for having at its command the huge 
quantities of iron and steel that were quite unthinkable even a 
century ago. 

It will, I hope, be admitted that this rapid review of the 
history of iron manufacture is correct, at any rate, in its main 
features, and that my contention, that the power to produce high 
heats has throughout been the controlling factor, is well founded ; 
I want to make it clear that I consider that the various stages of 
iron manufacture and of the generation of ever higher tempera- 
tures are not two independent concurrent parallel lines along 
which the development of human civilisation has travelled, but 
that they are distinctly related as cause and effect. This being 
true of the past, what can we say as to the future? Just as there 


40 PRESIDENTIAL ADDRESS. 


is a lower heat limit below which iron capable of being usefully 
applied in the arts could not be produced, so there must be an 
upper limit, and I suggest that this limit is reached when our 
furnaces are capable of generating a temperature sufficient to 
volatilise the iron; it seems fairly obvious that heats higher than 
this cannot well be usefully employed. Such heats are, however, 
now readily attained in the electric furnace, and it would, there- 
fore, seem that from this point of view the limiting condition has 
already been reached by the metallurgist. On the other hand, 
there seems but little inducement to increase the quantity of 
output, seeing that our potentialities of production appear to be 
now actually ahead of the world’s requirements, and that there 
is every indication that even our present appliances will enable 
us to keep pace with any future demands. 

I emphatically do not mean to imply that we have reached 
finality in the metallurgy of iron, but I do hold that future progress 
will have to be along different lines. Fortunately, we are already 
able to see what direction this progress must take. Recent 
advances have all been in the direction of improvement in quality 
and in the attainment of properties in which ordinary iron by 
itself is deficient, such as we have already obtained by the use of 
alloy steels, of which Sir Robert Hadfield may well claim to be 
one of the pioneers. In other words, the future of the metallurgy 
of our metal will be directed, not by the crude methods of trial and 
error of the past, but by the application of principles developed 
by the methods of scientific research. For something like four 
centuries this country has led the way in the great improvements 
in the iron industry along the old lines which I have been describ- 
ing ; we are, however, also the inventors of the science of metallo- 
graphy, and alloy steel, with its numerous possibilities, of which 
high-speed tool steel may be quoted as an example, has also 
originated here; we may, therefore, fairly claim that even in 
modern scientific methods we are equally leading the world in the 
metallurgy of iron, and there is every reason to presume that 
the great work which the members of this Institute have done in 
the past in developing that iron industry which is the basis of our 
modern civilisation will still continue in the future, although, as 
Thave suggested, that work will be carried on by means of modern 
methods and be based upon entirely different principles. 
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Votes oF THANKS. 
To the President for his Address. 


Sir Roperrt Haprretp, Bt. (Past-President), said that, as 
senior Past-President, he had the pleasure and honour of pro- 
posing that a hearty vote of thanks be accorded to the President 
for his admirable Address. He doubted whether any previous 
Address had had packed into it so much valuable information in 
such a brief form, and the members were deeply indebted to the 
President for the care he had taken in preparing it. The Presi- 
dential Address was not open to discussion, but he would like to 
add a few remarks to those the President had made with reference 
to the most interesting specimen of iron in the world, the Delhi 
pillar. The members would probably remember that, as he stated 
in the paper he read before the Institute, he was the possessor of a 
small sample of that pillar, which he had been able to analyse ; 
the iron was of 99-88 per cent. purity, a very excellent perfor- 
mance in view of the crude methods adopted in the days when the 
pillar was made. He was glad that the President had reminded 
the members that the Delhi pillar did not weigh more than 6$ tons, 
although it must be remembered that that was a very large 
weight when the date at which it was produced was kept in mind. 
He had much pleasure in proposing that a very hearty vote of 
thanks be accorded to the President for his excellent Presidential 
Address. 


Mr. G. H. Srrick (Cheltenham) said that, as one of the seven- 
teen members whose names had been on the roll of the Institute 
for between 50 and 60 years, he desired to second the resolution 
of thanks to the President for his admirable address. 


The resolution was carried by acclamation. 


The PresipEnt, in reply, thanked Sir Robert Hadfield for 


the very kind remarks he had made, and the members for the 


equally kind manner in which they had been received. The 
address was somewhat on the usual lines, but he had always been 
fond of delving among old records, and he had always thought 
that the best way of finding out where one was going to was to 
look back on the road along which one had come. 
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To the Institution of Civil Enguneers. 


The Prestpent’s motion, that a cordial vote of thanks be 
accorded to the Institution of Civil Engineers, who once again had 
put their magnificent facilities at the disposal of the Institute, 
was carried by acclamation. 


To the President. 


Professor H. C. H. Carpentsr, F.R.S. (Hon. Treasurer), in 
proposing a hearty vote of thanks to the President, said that those 
who knew Professor Louis no doubt felt, when he was elected 
President, that he would fill the Chair and carry out its duties 
worthily. The Institute had received ample proof of that during 
the two days the President had occupied the Chair. Professor 
Louis had delivered a most interesting Presidential Address, and 
had presided with great distinction at the Annual Dinner. He 
had shown the greatest courtesy in the Chair. The present 
meeting had been memorable in many ways. Papers had been 
presented which were of quite exceptional importance. He hoped 
Professor Louis would look back on the past two days with as 
much pleasure as would the members of the Institute generally. 


The vote of thanks was carried with acclamation. 


The Prestpent, in thanking the members for their expression 
of appreciation, said that quite honestly he could claim to have 
been a good chairman, because the function of the chairman was 
not to make speeches himself, but to get good papers presented, 
and in that respect he had been very fortunate and successful. 


The proceedings then terminated. 


ADDITIONAL MEETING HELD IN GLASGOW. 
Thursday, May 9, 1929. 


An additional meeting, held jointly with the West of Scotland 
Tron and Steel Institute, took place in the Royal Technical 
College, Glasgow, on Thursday, May 9, at 7 p.m. Mr. Robert 
Hamilton, Senior Vice-President of the West of Scotland Institute, 
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took the Chair. Nearly forty members were in attendance. Mr. 
Hamilton extended a welcome to the members present and 
explained briefly the objects of the meeting. It had long been 
felt by the Council that many members of the Institute, owing 
to their residence at a considerable distance from London, were 
debarred from taking part in the proceedings of the Annual 
Meetings which, in accordance with long-standing custom, were 
always held in the latter city. To meet that difficulty, the Council 
had embarked on the policy of holding additional meetings in the 
various districts where a large body of members were concentrated, 
in order to provide an opportunity for the further discussion of 
any papers of special interest presented at the London meeting. 
A further object of holding such meetings was to encourage 
new members to join the Institute. He expressed his pleasure at 
seeing so many of the members present on this first occasion of 
holding an Additional Meeting in Glasgow, and hoped that the 
new movement would be attended with every success. 
The following papers were presented and discussed : 

(a) The Hon. Sir Cuartes Parsons, O.M., K.C.B., F.R.S., and H. M. 

Duncan: “ A New Method for the Production of Sound Steel.” 
(6) Tatrp Report oF THE COMMITTEE ON THE HETEROGENEITY OF 

SteEL Ineorts. 
(c) E. H. Lewis: ‘“ Twenty Months’ Results of Dry-Blast Operation.” 
(d) W. E. Stwons: “ The A.I.B. Sinter Plant at Messrs. Guest, Keen 

and Nettlefolds, Ltd., Cardiff Works.” 


(e) First Report of THE ComMITTEE ON Buiast-FurNAcE PLanT AND 
PRACTICE. 


At the conclusion of the meeting, Mr. Hamilton proposed a 
vote of thanks to the Authorities of the Royal Technical College 
for the use of their rooms, and a vote of thanks having also 
been passed by the meeting to Mr. Hamilton for his kindness 
in presiding, the proceedings terminated. 


AppITIONAL MBETING HELD IN SHEFFIELD. 
Wednesday, May 15, 1929. 


An additional meeting, at which over sixty members and their 
friends were present, was held in the Mappin Hall of the University 
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of Sheffield on Wednesday, May 15, at 2.80 p.m. Professor C. H. 
Desch, F.R.S., Dean of the Faculty of Metallurgy in the University, 
and Member of Council of the Iron and Steel Institute, took the 
Chair. 


Sir Henry Hapow, C.B.E. (Vice-Chancellor of the University), 
offered the Institute a very cordial and hearty welcome to Sheffield 
in this most auspicious year of its history, the year of its Diamond 
Jubilee. He did so with the more pleasure, because the President 
this year was a very old and valued friend of his. He understood 
that the additional meetings had been arranged on the ground 
that at any rate in Sheffield and in Glasgow not less worthy fields 
and opportunities of discussion would be found; he was glad to 
recall that two of the papers for consideration were presented by 
members of Sheffield University. He hoped most sincerely that 
the collaboration of Sheffield University with the Iron and Steel 
Institute would always continue. He most sincerely asked the 
members to believe that he and his staff were very glad indeed 
to see them, and he hoped that the University of Sheffield, one 
of whose ideals was to serve as a whetstone for sharpening Sheffield 
blades, would be a venue in which the Institute could continue 
its discussions to its own great profit and to the advantage of the 
world at large. 


Professor C. H. Descu, F.R.S., speaking in the dual capacity 
of Professor in the University and Member of Council of the Insti- 
tute, desired to express on behalf of the meeting its thanks to 
the Vice-Chancellor for his kind words of welcome, and for the 
trouble he had taken in coming down to the meeting. 


The following papers were presented and discussed : 
(a) The Hon. Sir Cuartes Parsons, O.M., K.C.B., F.R.S., and H. M. 
Duncan: * A New Method for the Production of Sound Steel.” 
(b) Tutrp ReporT OF THE COMMITTEE ON THE HETEROGENEITY OF 
STEEL INncors. 


At this point the meeting adjourned for half an hour and 
partook of tea and light refreshments generously supplied by the 
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University Authorities. The meeting was then resumed, and the 

four remaining papers on the programme were discussed : 

(c) G. A. Hankins and Miss F. W. Forp: “ The Mechanical and 
Metallurgical Properties of Spring Steels as Revealed by 
Laboratory Tests.” 

(d) L. B. Prem: * The Oxidation of Iron and Steel at High Tempera- 
tures.” 

(e) G. R. Botsover : “ Brittleness in Mild Steel.” 

(f) H. Surron : “ The Influence of Pickling Operations on the Proper- 
ties of Steel.” 


At the conclusion of the meeting, Dr. W. H. Harrrenp (Member 
of Council) said he had been asked to propose a vote of thanks to 
the University Authorities for their hospitality, and he had no 
doubt the meeting would be very glad to support that motion. 
He desired to say, quite frankly, on behalf of the Iron and Steel 
Institute, that the object of holding meetings in the Provinces 
was really to increase its membership. It was of first-rate 
importance to Sheffield, and, he hoped, to each one of those 
present, that the Iron and Steel Institute was really trying hard to 
build up and extend the science of metallurgy. If each member 
would make it his objective to secure one new member, that 
would help to increase the wealth of the Institute, which in turn 
would then have larger resources available for use inresearch. He 
had great pleasure in putting to the meeting a hearty vote of 
thanks to the University Authorities for their pleasant hospitality, 
and to Professor Desch for his kindness in occupying the Chair. 


The resolution was carried unanimously amid applause. 


The Cuarrman (Professor C. H. Desch, F'.R.8.) wished to say, 
on behalf of the University Authorities, that they were very glad 
indeed to be able to offer hospitality to such an Institution as the 
Iron and Steel Institute, and on his own behalf he thanked 
Dr. Hatfield for his kind remarks. He was anxious to support 
what Dr. Hatfield had said about the desirability of an in- 
creased membership. There was already in Sheffield a considerable 
membership, but an even larger one was needed. 


FIRST REPORT ON BLAST-FURNACE 
PLANT AND PRACTICE. 


By COMMITTEE No. 2 oF tun IRon anv Streep Instrrurs.! 


ForREWORD. 


DuveLopmeEnts in blast-furnace practice and plant during recent 
years have been rather in the direction of details “of design and 
refinements in the application of principles and features already 
adopted as standard practice, than in the adoption of any new 
principles or methods, either of a radical or semi-radical nature. 
In general, the trend in the United States is in the direction 
of larger, and still larger, furnaces with ever-increasing out- 
put capacities, from which, together with improved details in 
methods and equipment, and attention to details of manage- 
ment, considerable progress in economy of production has been 
attained, both in fuel consumption and in other items of 
production costs; whereas in Germany the attainment of similar 
ends has been sought by careful attention to the selection and 
preparation of materials, by sizing or sintering their ores, and 
sizing and screening limestone and coke, thus obtaining, through 
the greater permeability of the furnace charge and consequent 
economical increase in rate and efficiency of operation, improved 
economy of production and increased output per unit of hearth area. 
Practically all those features, constituting more or less recent 
improvements in details, upon which the Committee has thus far 
been able to obtain information, are such as have been already 
referred to in the Proceedings of technical societies or in the 
technical press. The Committee, therefore, finds some difficulty 
in its search for any novel advance or general improvement in 
modern blast-furnace practice and plant, and is of opinion that 
in order to ascertain what, if any, more recent and as yet un- 
published improvements may have been adopted in this field, 
and to obtain any information relative to them, it would be 


1 The Committee is constituted as follows: Messrs. A. K. Reese, Chairman, 
G. Barrett, A. Crooke, E. H. Lewis, P. List, D. E. Roberts, and H. E. Wright. 
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necessary to appoint a small body of qualified investigators, who 
should be authorised to make visits to the more advanced 
iron-producing districts, at home and abroad, for the purpose of 
gathering new information and of formulating a report thereon. 

For the present, and pending any further formation which 
may be obtainable by the mears above suggested, the Committee 
has prepared, and presents herewith, a Report outlining the 
various features of modern blast-furnace practice and plant, 
with short comments thereon and with references to some of the 
more recent methods devised for applying the principles, and 
attaining the purposes, aimed at under these headings. 

The Committee fully recognises that this Report contains 
httle, if any, information which has not previously been available 
from other sources to those who are interested and endeavour 
to keep themselves acquainted with the technical progress made 
in the iron industry ; on the other hand, further emphasis will 
have been laid upon the importance, from the competitive stand- 
point, of the adoption of modern blast-furnace practice and plant 
by those who have not adopted those economic features which 
have become practically standard among their competitors. 


In dealing with features pertaining to blast-furnace practice, 
and any recommendations bearing thereon, it is to be understood 
that they refer to that practice which includes the operation of 
each furnace, in any group of furnaces constituting a blast- 
furnace plant, as an individual unit; and that each furnace is 
blown with a definite and regular volume or weight of blast 
per minute, irrespective of variations in pressure due to varying 
conditions within the blast-furnace. 

(The modern tendency towards the provision of the greatest 
possible uniformity in all materials and conditions affecting blast- 
furnace operation has led, as a further step in that direction, 
to the adjustment of the volume of blast blown, by periodic 
variation of the volume to allow for changes in atmospheric 
temperature, humidity, and pressure, for the purpose of providing 
the furnace with as regular as possible a weight of oxygen in the 
volume of blast supplied per minute. 

This practice tends to minimise these irregularities in the 
rate of driving, and in quantitative reactions, which accompany 
the variations in the oxygen content per cubic foot of a con- 
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stant blast volume, due to changes of temperature, humidity, and 
pressure in the natural atmosphere which are so marked between 
daytime and night, and, at times, from hour to hour.) 

With modern blast-furnace practice and plant it is considered 
that the following three objects are those which it is desired to 
attain : 


1. Regularity in that quality of product required for the time 
being, 

2. Maximum economy of production, and 

3. Maximum output per unit of time, 


the importance of these objects being in the order in which they 
are named. 

With modern blast-furnace plant and practice the various 
features involved therein are so interwoven in their effect that 
it is their composite result which must be considered as producing 
the highest degree of efficiency in each of these aims—z.e. that 
the adoption of no one of the features of modern practice and 
plant is sufficient in itself to yield the most satisfactory results 
in that direction which appears to be the particular function of 
that feature; in fact (as has been too often experienced), such 
adoption may yield very little, if any, material improvement. 

The various factors entering into the subject under considera- 
tion may be enumerated as follows : 


Selection of raw materials. 
Preparation of materials. 
Mechanical handling of materials. 
Furnace charging and top distribution. 
Furnace lines (interior). 
Hot-blast stoves. 
Gas cleaning. 
Gas burning and surplus gas. 
Blowing plant. 
Power plant. 
Dry blast. 
Pig iron casting. 
General layout of plant. 
Use of recording instruments in connection with the 
operation of the blast-furnace. 
Oxygen enrichment of blast. 
1929—1. , E 
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SELECTION OF Raw MATERIALS. 


In selecting material for blast-furnace use, the quality, as 
determined by chemical analysis, is of considerable importance, 
and has necessarily a direct and marked influence upon the results 
obtained, and even upon the design of the plant to obtain them. 
Local and commercial considerations, however, are always vital 
factors in this connection, and such considerations alone decide 
whether the cost of material of higher grade may outweigh the 
advantages of its use, or, conversely, whether it is worth while 
suffering the drawbacks connected with the use of low-grade 
material which can be delivered to the furnaces at a low cost. 
Hence it is extremely difficult to be definite upon questions of 
quality, and it is only proposed to deal with the matter on broad 
lines. 

The general opinion of those operating blast-furnaces un- 
doubtedly favours strong coke of open texture. Although there 
are odd exceptions, it is a general rule that as the ash in coke 
increases beyond 10 per cent. the coke shows an increased tendency 
to brittleness, and, on this account, its general character is liable 
to fall below the best standard. Where the selection of fuel is 
practicable this point should be borne in mind. It is, moreover, 
generally accepted that in the case of all furnaces, excepting 
possibly those using particularly high yielding ores, an increase 
of 1 per cent. of ash in round figures is equal to a 2 per cent. 
decrease in coke value, due to the necessity of melting the ash 
which has replaced 1 per cent. of carbon in the coke. 

The practical point of view upon a more indefinite question— 
namely, that characteristic which has been termed the reactivity 
of coke to carbonic acid—is that the loss of carbon by such 
reactivity in the upper portion of the furnace, where carbonic 
acid exists in large proportions in the gases, may counterbalance 
any virtue such coke may have by reason of its combustive 
reactivity on reaching tuyere level. Practical experience also 


indicates that, in its descent of the furnace, the reactivity of the — 


coke is somewhat affected by carbon deposition, which makes it 
at least doubtful whether tests on the reactive quality of coke 
as charged have any direct bearing on the state of the same coke 
when it reaches the lower combustive area. The research which 
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is being made into coke quality by the various Coke Research 
Committees may with advantage be encouraged until knowledge 
upon this and other points is more definite. 

In regard to selection of ore by analysis, &c., there is every 
indication that the better blast-furnace results are associated 
more with high yielding (and more especially with high yield- 
ing, easily reducible ores) than with low yielding varieties. On 
the other hand, where furnaces use ores of indifferent quality 
the results are almost invariably more or less comparatively 
disappointing. Where selection is possible it will be conducive 
to best results on any plant to select those ores of the highest 
degree of purity by analysis that are available. The substitu- 
tion of inferior ores almost invariably tends to increase the fuel 
used per ton of pig, with the attendant disadvantages. The 
selection of ores by analysis thus has an important bearing on 
furnace operation. ‘To mention one point only, the iron content 
of the burden decides the amount of material it is necessary to 
pass through the furnace to produce 1 ton of iron, and, obviously, 
for output the less there is the better. Any increase of fuel means 
a larger pro rata volume of air to be blown for each ton of output, 
and there is a reflex action on the power of the blowing engines, 
number of stoves necessary, size of hearth for given output, and 
other important items. 

Thus, with inferior ores the difficulties adversely affecting 
large outputs and low fuel consumptions increase and become 
cumulative, and possibly where modern blast-furnace plant is 
installed the disproportion between the relative value of high 
yielding and low yielding iron ores is increased. 

Another point of importance in this connection is the necessity 
for a definite degree of uniformity, within fairly narrow limits, 
in the quality of ore, coke, and limestone. 

Although it is, of course, true that, where fuel consumption 
per ton of pig iron is high, most of the potential value of the excess 
used still exists in the furnace gases and can be realised by fully 
utilising them, this is only a partial saving clause, and does not 
remove the drawbacks already mentioned. 

Whilst published blast-furnace returns show that high yield- 
ing ores do not invariably give the best results, nor low yielding 
ores the worst, and also having due regard to the importance of 
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commercial and local considerations, in general the evidence 
distinctly shows that the quality of material used as determined 
by analysis is a factor of primary importance in its influence 
upon blast-furnace operation and results. 

The selection of limestone is usually a commercial question, 
though obviously the purer the stone the more economical is 
its use in the furnace. 


PREPARATION OF MATERIALS. 


The great importance of preparing ores, and limestone or other 
fluxing agents, by bringing them to more uniform sizes than 
those in which they are mined or quarried (1 to 4 in. for ores, and 
4 to 6 in. for flux) by crushing the lumps and by sintering or 
briquetting the fines, in order to increase and render more uniform 
the possible rate of reduction, and to ensure greater uniformity 
in their distribution in the furnace throat, has been emphasised 
in published papers, in experimental investigation, and in actual 
practice; but the Committee wishes to emphasise further the 
vital importance of this practice. Its beneficial effect upon 
regularity of operation, fuel economy and output is unquestion- 
able, and in modern practice for large economical outputs it is 
an essential feature. 

The detrimental effect of an excessive proportion of fine ore 
in an ore mixture upon furnace operation is well known. While 
modern design and practice have considerably reduced the diff- 
culty of smelting fine ores, the excessive losses from flue-dust 
still remain an important factor in connection with their use. 

The very considerable losses of ore in the form of flue-dust, 
which are practically unavoidable in the fast-driven modern 
blast-furnace plant when the ore mixture contains any material 
proportion of fine ore, has led to the adoption of methods of 
recovery by treating the dust to convert it into a physical con- 
dition suitable for recharging into the furnace. Many attempts 
have been made, previously, to recharge the coarser dust after 
wetting, but the results of this practice have generally been 
unsatisfactory. 

Of recent years, in modern practice, the satisfactory recovery 
of this material has been attained by converting it into sinter by 
one or other of the well-known sintering processes, either alone 
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or after mixing with other fine ores. This practice is now 
considered “‘ standard’ in Germany and the United States. 

An economic feature of this practice is the fact that flue-dust 
usually contains sufficient coke dust to permit of sintering without 
adding fuel, the amount of the latter being frequently sufficient 
to provide fuel, not only for the ore in the dust, but for a proportion 
of added ore as well. 

(In Germany, blowing flue-dust into the furnace through holes 
in the upper stack, as a method of charging it without danger of 
its being redischarged into the gas flues, is practised in at least 
one locality, with claimed success; but no information is avail- 
able as to the economic value of this practice as compared to 
recovery by sintering. It may be said that this method has the 
disadvantage of forcing the fine coke in the dust into the furnace 
as well as the iron-bearing dust, whereas this coke dust would 
doubtless have a much greater value as fuel in the sintering 
process.) 

The principles upon which the importance of the preparation 
of ores and limestone, above outlined, is based, apply also to the 
fuel (coke) used in the blast-furnace. 

Coke of large size presents a comparatively smaller surface 
area to the free action of the oxidising gases, and has a relatively 
retarding effect upon the total time for complete gasification. 
Also, the wider the difference between the size of the smaller and 
the larger lumps the less uniform the mechanical distribution, 
and the reactions, in the furnace. 

While definite practice in the sizing of coke cannot be said 
to have become general in modern practice, there is a tendency 
in this direction, and very large coke is generally deprecated, 
and, where possible, avoided. Where applied, this practice has 
proved of advantage in its tendency toward greater regularity 
in furnace operation ; in fact, at one plant in Germany the coke 
is crushed to 22 in., sizes under 1} in. being screened out, with 
such good results that other plants are also adopting this practice ; 
and a furnace in the United States is working satisfactorily on 
crushed coke, a screen test of which as loaded into the skip tubs 
at the furnace is stated to be as follows : 
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On the other hand, small coke, up to the size of breeze, is 
generally considered objectionable for reasons similar to those 
applying to fine ores, and owing to its imefficiency as a blast- 
furnace fuel. Therefore, the practice of passing the coke over 
screens to remove the breeze, up to about 1 in. and even 1} in. 
in size, when a good market exists for small coke, has been found 
highly economical and has become quite general in modern 
practice. 

The screening is done over fixed, or, preferably, moving screens 
as the coke passes from the coke bunker into the charging skip 
or bucket, the screenings being mechanically loaded into railway 
wagons. They are used for steam-raising at boilers, as fuel for 
ore sintering, or for any other purpose for which they are suitable. 

Screening out the fines from ores containing any considerable 
proportion of them, when passing through the crushing plant, or 
from ores not requiring crushing, and treating them by the well- 
known sintering or briquetting methods, is an effective means 
of removing the objectionable features of smelting fine ores in 
the blast-furnace, and is a continually increasing factor in the 
preparation of materials. 

The output capacity of blast-furnaces supplied with raw 
materials properly sized according to their density, including the 
elimination from the mixture of practically all “fines”? by the 
use of the methods above mentioned, is materially increased per 
square foot of hearth area, with improved fuel economy—.e. with 
furnaces of moderate hearth diameters and total volume charged 
with materials so prepared, the output capacities are equal to 
furnaces with considerably greater hearth diameters and volumes 
operated with materials not so prepared, and with reduced 
production and construction costs in economic excess over the 
cost of such preparation of materials. 

Such results are entirely consistent with the greater regularity 
of operation (more uniform action throughout every cross-section 
of the furnace), and with the reduction to a minimum of the 
“ flue-dust ’’ losses. 

The physical characteristics of the ores to be crushed must be 
taken into consideration in determining the method of crushing 
most suitable in each case. 

With ores of a friable nature, in the crushing of which there 
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is a tendency to produce “fines,” progressive crushing, as with 
the Blake jaw, Gates rotary, or revolving disc types, 1s not suit- 
able, and the high-speed rolls type is indicated. With the latter 
the crushing operation is practically instantaneous, and repeated 
abrasion between the pieces of ore is reduced to a minimum. The 
latter type is also more suitable for ores having the slightest 
tendency to agglomerate under pressure. 

Practically all of the usual methods which have been developed 
for rock-crushing are applicable to iron ores. 

The type and layout of plant suitable for any particular 
case are determinable by local conditions, as no definite type 
or layout is especially suitable for iron ores. 

With ores containing fines and rubble, screens for separating 
the lumps which need crushing should be provided, and where 
further treatment of the fines is advisable, screens should be 
provided for separating them from the rubble. Owing to the 
heavy duty, all plant must be of very substantial construction 
to ensure durability and efficiency ; and capacity should include 
a considerable margin above the normally required output. 


MeEcHANICAL HanpLING oF MATERIALS. 


High wages for manual labour, together with the large 
quantities of raw materials required per unit of time with modern 
plant and practice, have necessitated the installation of mechanical 
means of handling these materials and the products. The old 
policy of ‘‘ the smallest capital outlay per ton of product ”’ has 
given place to ‘“‘ the greatest output per man employed.” The 
latter policy can only be carried out by the installation of 
mechanical appliances. In modern plant manual labour is 
almost restricted to the manipulation of levers, thus replacing 
large numbers of men specialising in physique without the 
necessity for intelligence by a few men of intelligence without 
the necessity for physique. 

The general features of a mechanically operated blast-furnace 
plant are too well known to require description, and the details of 
specific designs are too varied for inclusion in this Report, different 
types being fairly well standardised and each having its advocates. 
Suffice it to say that under existing severe economic competition 
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mechanical handling in practically every branch of blast-furnace 
operation is essential in modern practice. 

This factor has reached, in some recent equipment, what may 
be considered practically the limit in labour economy, insomuch 
that one man only is required to control and carry on the entire 
charging of large capacity blast-furnaces. Hach cycle of opera- 
tions is started and carried out to completion in proper sequence 
automatically by a system of electric controls set into operation 
by the throwing of a single switch by the operator, without 
further attention. Overlapping through error on the part of 
the single operator is safeguarded by interlocking devices. 

Of further economic importance is the mechanical handling 
of raw materials from mines or quarries, the delivery into railway 
wagons and into ships at loading ports, and the discharge from 
ships into railway wagons at receiving ports, or into stock at works, 
of sea-borne materials. 

Facilities for these purposes include storage bunkers at the 
mines and shipping ports, from which the materials are discharged 
by gravity direct into self-discharging railway wagons of large 
capacity and/or into specially designed ships, the decks of which 
consist almost entirely of hatches, for rapid and complete un- 
loading by means of large-capacity grab unloaders, such as the 
well-known Hulett or other types. 

By these means very considerable economies are effected in 
loading, unloading, deck dues, and demurrage charges, and also 
in the time-service capacity of transport vehicles, both wagons 
and ships. 

So many and varied, in both general arrangements and 
details, are the methods employed, and so varied are the opinions 
respecting them, that no particular method may be singled 
out as warranting special recommendation as the most efficient 
or economical. 


FuRNACE CHARGING AND Top DistTRIBUTION. 


{In modern mechanically operated blast-furnace plants, 
charging and top-distributing devices are distinguished by two 
types in general, each characteristic in its method of dealing 
with the materials. Under these headings are the inclined and 
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the vertical-horizontal hoisting bucket-charging system, and the 
inclined hoisting skip-charging system. 

Kach of these systems provides for the equal distribution of 
the materials around the main charging bell; the former by a 
central discharge over the bell from the bottom of the bucket, and 
the latter by charging, by means of a tilting skip, through a pre- 
liminary distributing small bell and hopper equipment, which is 
automatically revolved through any selected are after each skip- 
load is tipped into it, thus assuring equal distribution around the 
main charging bell. 

On the Continent the former has been the most generally 
adopted type, while in the United States the latter is more 
generally used. The former may be designated as the method 
for handling large quantities slowly, and the latter as the 
method for handling small quantities quickly. Each is effective, 
and each has its advocates who claim the superiority of the one 
over the other in specific respects. Some such device, however, 
is a necessary accompaniment of modern mechanically operated 
blast-furnace plant. Many other arrangements have been brought 
out for assuring equality of distribution on the large charging 
bell, but the two systems above mentioned have become practically 
standardised. 

In modern blast-furnace practice, too great emphasis cannot be 
laid upon the importance of the distribution of the raw materials 
within the furnace top. The wider the variation in the sizes of 
the components of any particular raw material, the less the 
uniformity of distribution of that material, and vice versa. Hence 
the importance, from this standpoint alone, of the preparation 
of the materials referred to. 

‘The prevailing practice in charging the ore burden, when 
coarse and fine ores are in use, is to mix a proportion of each 
grade in each charge in order that the charges may be as uniform 
in mechanical characteristics as possible; but there have been 
recently published some very interesting results from a furnace 
in the United States, using a very dense ore crushed to 1} in. 
and under and screened into three sizes, designated as “ coarse, 
medium, and fine.” 

By charging the three sizes in layers, each charge consisting of 
one size only, very considerable improvement in fuel consumption 
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and in other operating conditions were obtained compared 
with the results from the previous practice of crushing to 3 in. 
and under and screening into two sizes—viz. over and under # in. 

While it is quite possible that the characteristics of the ore 
in this case, particularly its density, may have a definite bearing 
upon the improved results obtained through the change in practice 
adopted, it cannot fail to have a very strong significance as 
evidence on the general question of the preparation of materials 
for blast-furnace use. 

Great importance is attached to the angular discharge from, 
and to the diameter of, the main charging bell, in relation to the 
furnace throat diameter, the difference between these respective 
diameters being usually about 4 ft., with some degree of variation 
according to the mechanical condition of the ore mixture. 

A further important factor in distribution is the size of the 
coke unit per round of charge. The tendency in modern practice 
has been towards an increase in this unit, one of the objects being 
to keep ore and coke as much as possible out of direct contact 
in the upper reducing zone, in order to restrict to a minimum the 
direct reduction of iron oxide by solid carbon in that region. 
Units as large as 6 and 7 tons have been used with satisfactory 
results in furnaces with moderate throat diameters. 


Furnace Lines (INTERIoR). 


Developments in blast-furnace practice as regards interior 
design, or lines, have been the outcome of efforts towards an 
improvement in operating regularity and increase in output per 
furnace consistent with quality and economy. Efforts towards 
the attainment of these objects at first took the direction of 
great height and large interior volume, but the results of this 
line of development did not prove satisfactory. Following this 
phase, development took a direction which led to what may now 
be designated modern design; the distinctive characteristics, 
as compared with those of less modern design, are the larger 
hearth diameters, the low bosh, and the narrower shafts, the 
hearth diameter controlling, within fairly narrow limits, the other 
dimensions. 

The latest developments in blast-furnace interior lines are 
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towards still larger hearth diameters and relatively smaller bosh 
and throat diameters. There are furnaces now in operation in the 
United States having hearth diameters of 24 ft. 0 in., 24 ft. 6 in., 
and 27 ft. 0 in., bosh diameters of 27 ft. 6 in., 26 ft. 3 in., and 
28 ft. 6 in., and throat diameters of 18 ft., 17 ft., and 18 ft., re- 
spectively ; it is understood that the dimensions of the latter will 
be repeated in the next relining, which would seem to indicate 
that the results from this “ super-furnace ”’ have been entirely 
satisfactory. It is, therefore, questionable whether the limits in 
size and output have yet been reached with the now established 
monthly record of over 1000 tons per day, and what will be the 
factor establishing that limit when it is reached. 

A limiting factor to much further expansion in this direc- 
tion appears, however, in a relative increase in throat diameter, 
and in consequent bell diameter, in its bearing upon top dis- 
tribution. 

This hmitation, on the other hand, may be overcome by a 
more uniform sizing of materials, as the less the difference in size 
between the smallest and the largest particles in the charge, the 
less important is the question of top distribution; and the un- 
desirable increase, through the use of larger bells, in the difference 
between the height of the stock column near the walls and the 
centre may be overcome by some improved method of distribu- 
tion in the furnace top. 


Hor-Buast Stoves. 


Cleaned gas having become standard practice, the modern 
hot-blast stove is designed with small checker openings, and in 
overall dimensions has become fairly well standardised with a 
comparatively small diameter, 18 ft. to 22 ft., and increased 
height, 90 ft. to 110 ft. Owing to the higher blast pressures, 
much stronger shell construction is required than formerly. 
In internal design the two-pass Cowper type has practically 
displaced other alternative types; but a departure from the 
usual arrangement (internal combustion chamber) has been made 
in some stove installations with outside combustion chambers, 
which, it is claimed, give better distribution of air and gas, and 
eliminate the stresses on the brickwork. 
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Interior construction, including checker bearers and sup- 
porting columns, is wholly of firebrick, though a recent return to 
the use of castings in the bottom construction instead of brick 
piers, arches and transverse tiles is reported, the castings being, 
however, of a special heat- and oxidation-resisting quality. 
Checker openings are 3$ in. to 5 in. sq., 4 in. to 44 in. sq. being 
representative of general practice with bricks 25 to 8 m. in 
thickness. 

Efforts to improve checker construction are indicated by new 
designs brought out now and then, among which may be mentioned 
two cases of recent installation : one has round and square checker 
openings of 43 in. with 22-in. to 144-1n. diagonal inserts put into 
the checker openings, thus increasing the heating surface ; the 
other has blocks perforated by 7 holes 1-89 in. in diam., or 
19 holes 1-77 in. in diam. In some cases the upper halves 
of old stoves have been relined, with advantage, with the latter 
types of blocks. Higher efficiencies with lower stack temperatures 
are claimed for these constructions. 

Shaped checker bricks are much less generally used than 
formerly, ordinary 9-in. bricks being largely used in checker 
construction, though there has been some return to the former. 

In this connection, however, may be mentioned a recently 
introduced system of construction in the checker section of hot- 
blast stoves, by the use of which definite checker flues are replaced, 
or partly replaced, by short spiral-shaped bricks. 

Stoves of this construction, in use at the Ilsede Ironworks, 
Gross-Ilsede, Germany, are reported to give results very superior 
to those from stoves of the usual checker flue construction. 

Recent progress with hot-blast stoves is more particularly in 
the direction of improvements in gas-burner design for economy 
in combustion. A number of new designs of gas burners have 
been brought out during late years, chief among which are the 
pressure burners with automatic control of the gas and air mixture, 
the unit system of fans for air supply being preferred. Some 
systems embodying this type are the Steinbart system in the 
United States, and the Weyman system, of British origin. In 
Germany the P.$.8. (Pfoser-Strack-Stumm) system of gas burning 
in hot-blast stoves, in which the air is delivered at high velocity 
into the gas stream, is also growing in favour. 
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By these improved methods it is claimed that, due to the 
much higher efficiency obtained, fewer stoves or less total heating 
surface per furnace are required. This may be considered one of 
the principal objects to be attained through increased efficiency 
in stove gas combustion, another being of course the saving of 
gas for other purposes. 

Greater attention is also being paid to the insulation between 
the stove linings and shell. by means of special insulating 
material. 

In hot-blast, cold-blast, and chimney valves, more or less 
standard designs prevail. For the first-named, the gate and the 
mushroom types are used, with water-cooled seats and valves of 
phosphor-bronze and cast-steel bodies. In cold-blast.valves, the 
sluice-valve type of gate valve, vertical or horizontal, with cast- 
steel bodies and operated by rack and pinion, is most usual. 
In chimney valves the spectacle type is much used, though the 
removable type, similar to the pull-back gas valve arrangement, 
is also favoured. Recently a new type, similar in design to the 
flap check valve, has been brought out. 

The adoption of two outlets for the waste gases from the 
stoves, for the purpose of improving the distribution of the gases 
through the checkers, is a feature in stove construction which, 
while not new, is increasinginuse. Distant and automatic control 
of stove changing is a recent innovation in stove operation. 

There has been no radical or recent alteration in general 
practice in these respects, though there are variations in the 
details in different designs. 


Gas CLEANING. 
Three distinct systems for gas cleaning are now in vogue : 


(1) Dry filtration—represented by the well-known Halberg- 
Beth type. 

(2) Water-spray washing—represented by the static spray 
washer, largely used, especially in the U.S.A., and the 
mechanical disintegrator or fan type, largely used. 
especially in Germany and in this country. 
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(8) Electric deposition—represented by the Lodge and the 
Cottrell (now combined), and the Lurgi and the Elga. 


The disposal of the dust in the form of sludge, and the pollution 
of the washing water with No. 2, are bothersome under some 
conditions. For the prevention of the deposition of fine wet 
sludge and water (carried over by the washed gases) into the gas 
mains, previously an objectionable feature, supplementary heating 
of the washed gases to a sufficient degree to vaporise the entrained 
moisture and dry the fine sludge, for which a temperature rise of 
30° to 50° F. is claimed to be sufficient, has recently been intro- 
duced in the United States. The apparatus is a heat inter- 
changer, constructed on the principle of the tubular boiler, the 
heating medium being the waste gases from the hot-blast stoves. 
The washed gas passes through the tubes and the waste gases 
through the body of the interchanger. Provision is made for 
periodic cleaning of the tubes in nests of a few tubes each without 
interruption of operations or material reduction in efficiency. 
This supplementary heating is said to have proved satisfactory 
and economical, in which case the static wet system of cleaning 
has the recommendation of simplicity and ease of operation. 
This system, except when supplemented by Theisen or other 
mechanical washers, is only suitable for cleaning gas for heating 
hot-blast stoves, boilers, and some other heating purposes—+.e. 
what is generally designated “‘ rough cleaning.” There appears, 
however, to be a tendency, particularly with stoves having very 
small checker openings, towards secondary cleaning by disinte- 
grating washers, or electric precipitation, indicating a growing 
recognition that a higher degree of gas cleanliness, in such cases, 
is necessary and more economical in gas consumption. 

Preheating of air and gas, and also of blast, before they enter 
the stoves, by the utilisation of the heat in the waste gases from 
the stoves, or in the raw hot gases from the furnace, are steps 
towards further economy which have been reported in several 
installations. Increases of 270° F. in the blast temperature, and 
90° I. in the gas temperature, before entering the stove, are said 
to have been obtained. 

No. 1 system is suitable for cleaning gas to that high degree 
required for use in internal combustion engines. 


FIRST REPORT ON BLAST-FURNACE PLANT AND PRACTICE. 68 


Gas BurnING AND SurRpPuLus Gas. 


Much attention has been given of late to efficiency and con- 
sequent economy in the combustion of blast-furnace gas in hot- 
blast stoves, boilers, &c. (to which reference has been made under 
hot-blast stoves), by systems of automatic regulation of the 
gas and air mixture, some of which are proving highly efficient 
in blast heating and power production, thus increasing con- 
siderably the quantity of surplus gas available for purposes other 
than the blast-furnace plant requirements, such as the generation 
of electric current for steelworks operation, and for sale to local 
communities and industries; for open-hearth and other heating 
purposes with or without the admixture of coke-oven gas when 
available; for coke-oven heating, thus setting free the richer 
coke-oven gas for other purposes as mentioned above, and for 
sale to gas companies for lighting and heating in neighbouring 
communities. 

Valuable returns are thus obtained for credit to the pig iron 
production costs. 


Biowi1ne PLANt. 


In modern blast-furnace plant the blast-furnace gas-driven 
reciprocating engine and blower, and the steam turbine-driven 
turbo-blower, are the two types of blowers now almost universally 
installed. 

The gas-driven blower, developed in Germany, has, until 
very recently, held the field in that country, while in the United 
States this type has been practically superseded by the turbo- 
blower. Recent information seems to indicate that the latter 
type is now making headway against the former on the Continent. 
This is doubtless due to its greater simplicity, lower first and 
operating cost, and the improved economy in high-pressure steam 
generation. 

It is also probable that with the increased volume and pressure 
and capacities required for large modern blast-furnaces, which 
have risen to 60,000 cu. ft. and at some recent plants to 75,000 
and 90,000 cu. ft. per min., and up to 80 Ib. per sq. in., the single 
unit blower per furnace being preferred, units of such high power 
are more practical and economical in the turbo-blower type than 


in the gas-engine type. 
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Power PLANT. 


In more recent years the feature in new blast-furnace plant 
installations which has made the greatest advance is the production 
of power. Considerable economies in this direction have been 
effected by the use of boiler units of large capacity generating 
steam at high pressure, 300 lb. per sq. in. and upwards (in some 
cases electric generating stations using steam pressures as high as 
600-1b. per sq. in. are in satisfactory operation), with blast-furnace 
gas burned in automatically controlled burners, and the unit 
system of powdered coal as alternative standby. 

The conversion plant consists of high-pressure, superheated 
steam turbines for blowers and for electric generation at high 
voltage, the latter being transformed to whatever lower voltages 
are required for each class of power application. 

Great attention is paid to the keeping of records in connection 
with each step in power production operations (for which the 
standards set for attainment are high) by means of appropriate 
instruments, for checking results. Boiler steam-flow meters, re- 
cording pyrometers, draught gauges, steam consumption meters, 
&¢., give complete records of the conditions of power production 
and of the power consumption of the various using units. 

Power-using items adjacent to the boiler plant are usually 
steam-turbine driven and others electrically driven. Boiler 
efficiencies up to 80 per cent. are stated to have thus been 
obtained. 

Dry Buast. 


The economic advantages of dry blast in blast-furnace opera- 
tion are generally accepted as material, but heretofore the high 
cost of plant for the extraction of the moisture in the blast has 
militated against progress in this direction. 

The recently introduced method of drying atmospheric air 
by means of “ silica gel,”’ and the installation of such a plant at 
a Scottish works, has renewed interest in this economic feature. 
While it is, perhaps, too early to draw definite conclusions as to 
the efficiency of this device from the results thus far reported 
which have been very favourable, results over a longer period are 
awaited with great interest.1 


1 (See E. H. Lewis’ paper on ‘“‘ Twenty Months’ Results of Dry Blast Opera- 
tion,’ this volume, p. 79.) 
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Pia IRon Castine. 


With modern blast-furnace plant and practice, casting in 
sand-beds for most classes of pig iron is rapidly becoming obsolete ; 
in fact, with large modern outputs that method of dealing with 
the product is economically impracticable. 

When combined with steel smelting, direct transfer of the 
molten metal in hot-metal ladle cars to smelting shop mixers has 
long been standard practice ; but a more recent development in 
this respect is the growing use of the totally enclosed, or mixer, 
type of ladle of comparatively large capacity (originally brought 
out for special long haulages) for the ordinary transfer of hot 
metal between blast-furnaces and smelting shop in the same 
works ; this type of ladle is more economical than the usual type 
of open-top ladle, notwithstanding its higher first cost, owing to 
its much greater conservation of the heat in the hot metal, the 
saving in skull formation and in relining repairs. For week- 
end metal, when not taken by the smelting-shop mixers, and 
for emergencies when metal is not required there, pig-casting 
machines are the usual installation when warranted by the 
tonnage. 

At blast-furnace plants not combined with smelting works 
machine-casting is becoming standard practice, and this method 
is now much used even for foundry iron, though machine sand- 
moulding is making some headway. While there is still some 
controversy as to whether machine-cast foundry iron is as good 
as that cast in sand, many foundries are using the former with 
entire satisfaction. 

The Uehling type of pig-casting machine, with an endless 
chain of moulds, with or without a water trough for cooling the 
iron, is the type now most generally used. 


GENERAL Layout or Puant. 


No definite layout arrangement can be said to be distinctive 
of modern blast-furnace plant, as each arrangement of the various 
sections comprising such a plant is dependent upon local circum- 
stances, the shape of the space available, the ideas of the designing 
engineer, &c. Where, however, ample space is available, what. 

1929—1. E 
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may be designated as the straight-line layout is probably repre- 
sentative of most modern plants. ‘This layout is designed 
primarily for straight-through railway lines in touch with prac- 
tically every part of the plant from either end, “ dead-end ” 
branch roads being entirely eliminated or reduced to a minimum. 
The plant may be said to be divided into “lines” comprising : 


The power production and power conversion section. 

The furnace, hot-blast stove, and gas-cleaning section. 

The raw material storage bunker and charging equipment 
section. ; 

The raw material storage ground and bunker charging equip- 

ment section. 

The raw material receiving equipment section. 


Between the sections run one, two, or more through railway 
lines, with crossovers, which serve the various portions of the 
plant, and where necessary short branches from the through 
roads serve specific points. 

When a plant consists of two or more furnaces (multiples of 
two) each pair may form a two-furnace unit. The hot-blast 
stoves for each pair are placed between and in line with the two 
blast-furnaces, or else the furnaces may be placed side by side 
in the middle, with the stoves in line outside. 

All through railroads eventually join into two or more main 
roads beyond each end of the plant, thus providing access to any 
part of the plant from either end, the main roads being also con- 
nected by a road, or roads, running along the outside of the whole 
plant. In the layout of the railways consideration must be given 
to suitable locations for weigh-bridges, so that all incoming and 
outgoing materials may be accurately weighed without danger 
of congestion. 

Compactness and railway accessibility, without congestion, 
are the principles aimed at ; the former provides for convenience 
of supervision, and the latter for ease and economy in dis- 
tribution of raw materials and the disposal of products and waste 
materials. 

Offices, laboratories, shops, &c., are placed in the open spaces 
between the converging roads beyond the plant proper, as such 
space permits, or at any other convenient points. 


“~— 
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Usst or Recorpine InstRuMENTS IN CONNECTION WITH 
THE OPERATION OF THE Brast-FuURNACE. 


In view of the great increase in the outputs of modern blast- 
furnaces it becomes imperative that the various operations be 
very carefully supervised, and that as far as is possible such 
supervision should be centralised. As it is humanly impossible 
for one person to keep in contact with all operations at all times, 
modern works have been equipped with a large number of auto- 
matic measuring instruments, mostly of the recording type, and 
generally assembled in one room. One or more assistants are 
set to watch the variations shown by the different instruments. 
The moment anything abnormal is noticed, the man for the time 
being in charge of the blast-furnaces is notified as soon as possible, 
so that he can investigate the cause of the disturbance and take 
steps at once to put it right. 

The items generally indicated or recorded in the instrument 
room are the following : 


(1) Height of stock line in the furnace and number of charges. 

(2) Temperature and pressure of gas at top of furnace. 

(3) Number of revolutions of blowing engines or volume of 
blast blown. 

(4) Pressure of blast before entering stoves and pressure in 
the circular main. 

(5) Temperature of blast in circular main. 

(6) Temperature of blast at stove outlet (as a check ne that 
in the circular main). 

(7) Temperature of flue gases at chimney valves of stoves. 

(8) CO, contents of flue gases at chimney valves of stoves. 

(9) Pressure of gas in main. 

(10) Volume of gas going to stoves (in group). 

(11) Volume of gas going to power-house. 

(12) Pressure of gas before entering gas-cleaning plant and 
pressure when leaving. 

(18) Volume of gas stored in holder. 

(14) Steam pressure and volume of water evaporated, if 
blowing and power plants are steam-driven. 

(15) Bus-bar voltage at generating station. 
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An attempt is being made in Germany to do all the changing 
of stoves—t.e. operation of all valves—from the instrument room 
by either electric or hydraulic power. In a good many plants 
the gas and air supplies to stoves are regulated automatically, 
and in at least one works the analysis of the top gases is made 
automatically, and the different percentages of their constituents 
are shown on the instrument board. 

Such a system naturally requires a great number of reliable 
instruments. A numerous staff with special knowledge of the 
instruments in use is detailed to check their accuracy and to repair 
those which show defects. 


OxyGcEen ENRICHMENT OF BLAST. 


Much thought has been given to this subject in past years, 
and at least one practical application was made on a commercial 
scale to a blast-furnace at Liége, in Belgium. 

It is stated that very small additions of oxygen were suffi- 
cient to overcome the detrimental effects of the atmospheric 
moisture in the blast; and that enrichment up to 25 per 
cent. of oxygen made it possible to dispense with hot-blast 
stoves, and produced a higher grade of iron. No information, 
however, appears available as to the commercial results of this 
trial. 

A recent investigation into this subject is embodied in a report 
by a committee formed under the auspices of the United States 
Bureau of Mines, on the “ Use of Oxygen or Oxygenated Air in 
Metallurgy and Allied Processes.” 2 

A symposium on the “ Use of Oxygenated Air in Metallurgical 
Operations ”’ was held at the New York meeting (February 1924) 
of the American Institute of Mining and Metallurgical Engineers ; 
abstracts from the papers forming the symposium, including a 
summary of the report of the Bureau of Mines Committee, 
have been published by the American Institute of Mining and 
Metallurgical Engineers.? 

The following quotation from the ‘“‘ Foreword” of this 


1 H. Bansen, Archiv fiir das Hisenhiittenwesen, 1927, vol. i., Oct., pp. 245-266. 


2 F. Davis, U.S. Bureau of Mines, 1923, Report of Investigations, No. 2502. 
3 Pamphlet No. 1377-8. 
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pamphlet gives the gist of the result of the discussion at the 
symposium : 

“An extensive discussion followed the presentation of the 
papers, which dealt with the matter entirely from a theoretical 
standpoint. The results of only a limited amount of research 
work were presented. . . . More experimental work on this sub- 
ject has not been done because metallurgists have not thought that 
cheap oxygen could be produced, thinking, ‘ Why waste time ex- 
perimenting with a reagent that cannot be procurable in commer- 
cial quantities ?’; while the producers of oxygen have said,‘ Why 
waste money on the development of a process to make cheap oxygen 
unless we know that there will be a market forit when produced ?’ 

“The discussion brought out two facts: First, many metal- 
lurgists believe that their operations can be conducted more 
economically if they can add oxygen to the air used in various 
smelting operations ; second, a number of chemists believe that 
relatively pure oxygen can be produced in metallurgical quanti- 
ties at very small cost. Negative views were expressed to both 
propositions, but so overwhelming was the view that if cheap 
oxygen could be produced many metallurgical operations would 
benefit, that it was voted to recommend that the Bureau of 
Mines continue its research work, pending the production of the 
cheap oxygen hoped for. 

‘“‘ Hew experimental data being available, and the attitude of 
disputants being based largely on theoretical considerations or 
on reactions and temperatures incapable of positive proof, it 
has been decided to publish only a summary of the papers and 
discussions arising from their presentations. It is believed, how- 
ever, that this will be sufficient to show the lines of reasoning 
that have been adopted, and be a guide to others who are to make 
their own calculations or engage in experimental work.” 

It appears that no definite conclusions were arrived at by the 
Committee or from the discussions, except that the Bureau of 
Mines should continue its research work, and that a process for 
the production of cheap oxygen should be sought. 

This subject, therefore, offers two fields for research, the 
commercial value of each being dependent upon the other; and 
the degree of progress in these fields is the factor governing further 
practical application on a commercial scale. 
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DISCUSSION. 


Mr. A. Hurcuinson (Vice-President) said the members were greatly 
indebted to the Blast-Furnace Committee for giving such a complete 
review of the advances made in blast-furnace practice in recent years. 
Whereas there might be nothing particularly new in it which could not 
be gleaned from the journals published in the different countries, it 
was very useful to have the information focused in the way in which 
it had been in the Report, and the Blast-Furnace Committee had done 
extremely valuable work in that respect. One of the outstanding 
features of modern practice was the large and continuously increasing 
hearths in the big American furnaces ; one began to wonder how much 
further their size would be carried. It was indeed interesting to read 
that the latest furnace with the very largest hearth capacity was so 
successful that further furnaces of that type would be built. Even 
with 1000 tons a day the limit seemed not to have been reached. 


Professor T. Turner (Member of Council) remarked that he had 
not been very closely interested in blast-furnace work during the last 
few years, but he realised the value of the contribution received from 
the Blast-Furnace Committee. The last speaker had referred to the 
size of furnace hearths, and the President had dealt with the history 
of iron. He might be permitted, therefore, to mention one matter 
in connection with the history of blast-furnace hearths. It was just 
about one hundred years ago that the old square blast-furnace hearths 
were replaced by round hearths. It had been noted that the hearths 
when first put in had given a smaller yield of iron than when they had 
been working for a few weeks or months. Oakes, of Dudley, took the 
rash step of building a furnace with a new form of hearth ; he thought 
it would be better to start straight away with the form of hearth which 
it had been observed gave the best results, namely, the round hearth. 
Oakes was only a young man at that time, and he (Professor Turner) 
had had the opportunity, about 40 years ago, of discussing with him 
those early experiments. So. that it was only a matter of one hundred 
years—just two lifetimes—to go back from the present wide hearths 
to the small square hearth, a little more than 2 ft. in size, which had 
then been the practice of the country. 


Professor C. H. Descn, F.R.S. (Member of Council), said he had been 
struck when visiting American works by the great importance attached 
to the grading and sizing of the coke. The coke that he had seen in 
Pittsburg furnaces was very inferior to English blast-furnace coke in 
quality, and, after manufacture, it easily broke up into pieces mostly 
about 23 in. cube or so; but everything below 1 in. was screened out. 
He had found that the large outputs of certain furnaces were attributed 
by the managers to a great extent to that careful grading of the fuel. 
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The Blast-Furnace Coke Committee which sat at Sheffield had had 
that question under consideration several times, and he thought it 
was one of the most important points referred to in the Report of the 
present Committee. 


Mr. F. W. Harsorp, C.B.E. (Past-President), wished to join with 
other speakers in congratulating the Committee on having given so 
excellent a summary of blast-furnace conditions at the present time. 
The object of such technical committees was to place before the members 
in an accessible form all the latest developments in the particular 
branches of the industry with which they dealt. The Report gave a 
very clear and concise account of the latest developments in blast- 
furnace practice on the Continent, in America, and in this country. 
It also pointed, in a very clear way, to those developments which, in 
the opinion of the Committee, were of special interest and likely to 
lead to the most important results, and to which, therefore, iron- 
masters and managers should give special attention. He hoped that 
one of the things referred to by the Committee would be carried out— 
namely, that in the event of any new development taking place which, 
in the opinion of the Committee, justified further investigation, arrange- 
ments would be made for experts to investigate the matter and report 
to the Institute. In that way the members would be kept in the 
closest touch with the developments of their industry. 


Mr. KE. C. Evans (London) referred to one paragraph in the Report 
in which it was suggested that a 1 per cent. decrease in the ash was 
equal to a 2 per cent. increase in the value of the coke. The point was 
important, because one of the Coke Research Committees was con- 
sidering what value should be allowed for decreasing ash content in 
coke. If coke were taken at 17s. 6d. a ton, a decrease of 1 per cent. of 
ash would, in accordance with the calculation referred to, increase 
the value of that coke by 4d. a ton. It had been shown by Mr. Gill 
at Consett, and by other observers, that a 1 per cent. decrease in ash 
would decrease the fuel consumption per ton-of pig by something of 
the order of 0-4 ewt., which would be worth about 4d. per ton. That, 
however, took no account of the increase in output, saving in limestone, 
and other factors which were important from a practical costing stand- 
point ; and as iron and steel works in many cases sold as well as pur- 
chased coke, he thought that the fullest value should be allowed for a 
decrease in the ash content. 


Sir Freperick Mitts, Bt. (Past-President), congratulated the Com- 
mittee on the work they had done, and also the Institute on setting up 
such committees. He thought they were long overdue ; in fact, there 
was a hiatus of nearly half a century between the work which had 
been done by Sir Lothian Bell and the work which was now being done 
by the present Committee. It was surely very much better for a group 
of scientists to tell the industry what to do than to leave it to the 
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industry to find out by rule of thumb. He had been very much struck 
by some of the results which had been given—and even more so by 
the explanations which were given for those results. He would like 
it very much if the scientists would state the reasons for some of the 
things which had been found in practice. For instance, the application 
of the turbo-blower had almost completely done away with scaffolding 
in blast-furnaces ; was there any really satisfactory scientific reason 
for that ? Nothing very much had been said, during the present dis- 
cussion at all events, on the subject of the effect of excessive moisture 
in coke. He was not at all sure that good working was not almost 
entirely a matter of regularity in the content of moisture. Hveryone 
who had to consider day-to-day figures got, under equal conditions, 
variations equal to the amount of saving which were described by 
Mr. Lewis'; and, after further investigation, an explanation might 
be obtained from blast-furnace managers of a more scientific character 
than those usually given—which were generally excuses rather than 
reasons. In short, he welcomed very much the departure from the 
rule-of-thumb methods; he hoped the investigations would be con- 
tinued, and, moreover, kept up as a permanent means of ascertaining 
and recording the causes for the variations which were obtained in 
actual practice. 


Mr. T. H. Turner (Birmingham) referred to the passage stating 
that machine pig casting had become the standard practice even for 
foundry iron, and said that hardly seemed true for Great Britain. 
Observations of the stocks of the Midland foundries did not appear to 
confirm that statement. A few years ago Great Britain seemed to be 
losing a market for pig iron on the eastern coast of the United States. 
Tt was then stated that the people in that market would be quite 
willing to buy British pig iron if only it were sent out in the form of 
machine-cast uniform-sized pig. The foundries which he (Mr. Turner) 
visited at that time had actually had pigs from different European 
countries, and those in charge pointed out to him the great difference 
in shape and size between the pigs and sows, and the uniform suitable 
dimensions of the American machine-cast pig iron. 

The Report as a whole followed very closely on the lines of 
Mr. Reese’s paper of September 1922,?and he would like to say that, 
to those whose duty it was to advise reading for students, papers of 
that type were invaluable. 


Mr. A. K. Renusn, replying on behalf of the Blast-Furnace Com- 
mittee, thanked the various speakers for their remarks. He hoped 
the Report would be of benefit to those who were sufficiently interested 
to follow up the various innovations mentioned in it. At the end of 
the Report was a long list of references which might be consulted, and 


1 See E. H. Lewis’ paper, this volume, p. 79. 
* Journal of the Iron and Steel Institute, 1922, No. II. p. 9. 
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in which details of many of the matters referred to in the Report 
would be found. 

With regard to the question which Mr. T. H. Turner had raised, it 
was a fact that in the United States foundrymen had been educated 
up to the use of machine-cast pig, and, while there were still some who 
grumbled at it, the vast majority of foundrymen were glad to have 
their iron in that form. He thought the same thing would apply in 
Great Britain if the makers of pig iron set to work to educate the 
foundrymen to the use of machine iron. As a matter of fact, in this 
country there were many small and independent furnaces making pig 
iron, practically none of which had adopted the machine-cast method. 
They really did not need it, because their outputs were not large enough 
to warrant an outlay for a casting machine. It would therefore be a 
very difficult matter for those who had installed casting machines to 
insist on the foundrymen taking machine-cast iron, because they (the 
latter) could easily get sand-cast pig. The casting machine in Great 
Britain was more adaptable to the steel-making works for taking care 
of the surplus week-end iron or other surplus pig iron from the blast- 
furnace. But when the day came when the foundry iron would also be 
produced in large units—too large for sand-casting—then it would only 
be a question of educating the foundrymen to use it; they would find 
they could use it, and could make just as good castings with machine-cast 
iron as they did now with very “ special’’ brands of sand-cast iron. 

Referring to the question of scaffolding, it was very probable that 
the difference which Sir Frederick Mills had noticed in the scaffolding 
of his furnaces since the introduction of the turbine was due to the 
alteration in the lines of the furnaces which had accompanied the 
growing use of the turbo-Llower. He thought, in a general way, Sir 
Frederick would find that the narrow bosh and low bosh and the steep 
angle had grown up and had been more generally used at just about the 
same rate at which the turbo-blower had been coming into general 
favour, and he thought it likely that the improvement in results in 
Sir Frederick’s furnaces, in the respect he had mentioned, was due to 
better lines of the furnace rather than to the actual use of the turbo- 
blower. At the same time, there was no doubt that the turbo-blower 
did give a more steady flow of air. Whether that had any effect on the 
scaffolding tendencies of the furnace or not he could not say. 

Mr. Evans had said something about the question of saving due to 
the reduction of ash in coke—a matter which was mentioned in the 
Report. He had no figures with which to answer the question, but 
in principle considerable saving was quite evident. If one changed 
from a coke containing 10 per cent. of ash to one containing 13 per 
cent. of ash, the slag volume would be increased, which would take 
more coke to melt it, and the percentage of carbon in the coke would 
be reduced, which reduced its efficiency. Those two points alone were 
sufficient to indicate that there was an advantage in low-ash over 
high-ash coke, presuming that the ores were not so free from silica 
that some silica had to be put into the furnace in order to make enough 
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slag. He would ask Mr. Wright, a member of the Committee, to say 
a word on the subject. 


Mr. H. KE. Wricut replied to Mr. Evans’ question that it was found 
that 1 per cent. of ash replaced 1 per cent. of carbon in the coke. In 
addition to that, the 1 per cent. of ash formed blast-furnace slag—that 
was to say, it formed the portion of blast-furnace slag which had to be 
fluxed largely with limestone. In Mr. Evans’ paper the comparison 
of figures for furnaces giving a yield below 2000 lb. of slag per ton of 
iron and those above 2000 lb. of slag per ton of iron showed that the 
coke consumption with the higher amount of slag ran out at exactly 
0-6 lb. of coke per lb. of extra slag. Taking ash as a proportion of the 
slag, and adding lime to it, it made it grow 12 times as much., Mr. 
Evans’ records of 116 English furnaces, and also American furnaces, 
showed that 2000 lb. of slag required 0-63 lb. of carbon per lb. Adding 
two-thirds of that would give the exact figure—two of carbon to one 
of ash. Of course, it might be more, but the Committee would dispute 
it being less. They would dispute that ash could be dealt with by 
less than the absorption of 1 per cent. of carbon which it replaced and 
1 per cent. of carbon to smelt it. It might take more. If that was 
Mr. Kvans’ argument, the Committee would not dispute it. 


This Report was also presented at the Additional Meeting held at 
Glasgow on May 9, 1929. 


The CHatrman (Mr. R. Hamilton) remarked that the names of 
the members of the Committee who had prepared the Report were a 
guarantee that it was an authoritative statement of the condition of 
blast-furnace practice and of the plant that was being used. On p. 50 
there was a statement that an increase of 1 per cent. of ash, in round 
figures, was equal to a 2 per cent. decrease in the coke value, due to the 
necessity of melting the ash which had replaced 1 per cent. of carbon 
in the coke. He was not very clear about that, and, in trying to put 
it in concrete form, he took the price of coke to be 20s. per ton. Now, 
if the ash were increased by 1 per cent., that would be a 2 per cent. 
decrease in the coke value, and 2 per cent. of 20s. was about 5d. 

In regard to the selection of ore by analysis, it was easy to speak of 
the amount of fuel required per ton of iron, but, while that was all 
right for one works using a certain class of material, for comparison 
with another works using different materials something more was 
required. He had an experience, during the war, of using ore of 
inferior quality, which gave more slag than iron. It wag obviously 
unfair to compare the amount of fuel required to make a ton of iron 
when using materials of that nature with that required when using 
other and better ores. It was unquestionable that preparation of 
ores and limestone to a uniform size was beneficial. 


? E. C, Evans and F. J. Bailey, Journal of the Iron and Steel Institute, 1928 
No. I. p. 53. 3 


TWENTY MONTHS’ RESULTS OF DRY 
BLAST OPERATION.! 


By EDWIN H. LEWIS, M.A., F.Inst.F. (Wisnaw). 


In 1927 the author published the results of four months’ work 
at the Wishaw blast-furnaces with air dried by means of a silica 
gel dehydration plant.? He is now able to give more complete 
figures for the twenty months durmg which the plant has been 
in operation. They are collected together in Table I., which, 
with some slight alteration, is set out in the same way as that 
containing the earlier results (loc. cit., p: 49). 

Moisture 1 Atmosphere—The amount of moisture in the 
atmosphere in the “ standard year” was previously given as 
3-5 grains per cu. ft. This was the only figure then available, 
and was obtained from a station m the district. A comparison 
of subsequent records taken at Wishaw and at the same station 
showed that the Wishaw figure for 1925 should have been 
stated as 8-21 grains per cu. ft., and the table has been altered 
accordingly. ‘The figures in Table IZ. show the maximum and 
minimum moistures observed for each month at Wishaw. 

Silicon in Pig Iron—lHKvans and Bailey have shown the im- 
portance of silicon content in connection with the consumption 
of carbon in the blast-furnace. The average figures for silicon 
have therefore been added to Table I. An analysis of the Wishaw 
results taken month by month, according to Evans and Bailey’s 
equation ® (loc. cit., p. 65), 


CaO, = as Deno saies(0: 12 x % Si)] x I + 0-288, 


proves that equation to be substantially correct, except that for 

furnaces which are not water-cooled the radiation constant of 

500 is too high. For a wide range of conditions and of qualities 
1 Received February 21, 1929. 


2 Journal of the Iron and Steel Institute, 1927, No. IL. p. 43. 
3 [bid., 1928, No. I. p. 53. 
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of iron this equation shows that for furnaces of the usual Scottish 
type the radiation constant should be about 350 on the yearly 


TaBiE I1.—Atmospheric Moisture. 


1927. 


May 

June 

July 
August . 
September 
October 
November 
December 


Moisture in Atmosphere. 
Grains per cu. ft. 


Moisture in Atmosphere, 
Grains per cu, ft, 


Yat 1928. S.. 
Maximum. Minimum, | Maximum. | Minimum. | 
ea E | —_ ee 
| January 3:94 1-48 
| February 4°15) |” § 1-63 
March AXIS5 1240 
April 4-86 1-05 
5:88 | 1-47 May 5-43 1-38 
DLO Mele Ss June ioe | aholy 
6-51 | 3-62 | July 6-21 | 2-18 
6-56)" |) 3-26 August . 6505 9 287 
6-88 2-36 September By 842 Vie Lil 
5-73 ioral October 5:26 | 2:20 
5-62 1-38 November 4-98 1-90 
3:81 | 1-22 December 4-1] 1-34 
i 


average, with slight variations between summer and winter, as 
shown in Table III. : 


TasiEe II1.—Monthly Average “ Radiation Constants.” 


Average “* Radiation 


Average “* Radiation 


Month. Constant ’’ for Month. Constant ”’ for 
Four Furnaces. Four Furnaces, 
January 373 July 330 
| February 368 August 346 
| March 358 September 353 
| April 360 October 316 
| May 346 November 342 
June 327 December 355 


The uniformity of these results with irons ranging from 1-26 
to 3-74 per cent. of silicon points to the accuracy of the silicon 


coefficient of 0-12. 


Tf this coefficient be used and a blast tempera- 


ture of 1450° F. (788° C.) be assumed, then the extra carbon (C) 
required per ton of iron for each 1 per cent. of silicon is found 


to be: 
that is, 
1929—1i. 


O(1 + 1450 x 0-000317) = 0:12 x 2240 Ib. 


C = 184 Ib. 
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In Table I. the average silicon during the twenty months is 
given as 2-56 per cent. as against 2:90 per cent. in 1925, while 
the carbon consumption was 1948 lb. instead of 2055 lb. Of the 
total saving of 112 lb. of carbon per ton of iron, 0:34 x 184, 
or 68 lb., is connected with the lower silicon content. It has been 
found very much easier to make lower silicon iron with dry blast ; 
in fact, when good coal was available it was possible to make 
basic iron, with less than 1 per cent. of silicon and less than 
0-06 per cent. of sulphur, with 90 per cent. of raw coal and a 
carbon consumption of 1622 lb. per ton of iron. 

By-Product Recovery—tThe recovery of creosote oil has in- 
creased by 0-718 gal. per ton of coal, due probably to the lower 
temperature of the top gases. The loss of ammonia mentioned 
in the author’s previous paper has proved to be equivalent to 
1-18 1b. of sulphate of ammonia per ton of coal. 

Optimum Dryness.—On three different occasions the moisture 
in the blast has been below 1 grain per cu. ft., and each time the 
burden had to be decreased to avoid “cold” iron. It appears, 
therefore, that 1 to 14 grains per cu. ft. is the best amount of 
“dryness ” at which to aim. 

General-—Among other advantages of dry blast observed 
during the twenty months should be noticed the absence of 
‘slips,’ the quick recovery of sticking furnaces, the improvement 
in quality of pitch due to the absence of slips, and the possibility 
of using a larger proportion of soft coal with a decreased proportion 
of coke. 

The total quantity of water removed from the blast was 
2373 tons, or 32 lb. per ton of iron. 
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DISCUSSION. 


Mr. A. Hurcntnson (Vice-President) desired to congratulate 
Mr. Lewis on the very excellent work which he had done. Most people 
recognised that in the Wishaw plant Mr. Lewis had had a special oppor- 
tunity of carrying out the research and showing the effect of the new 
method of drying blast. It had proved most successful, and an economy 
such as had been described was one worth very careful consideration 
in any plant where similar conditions applied. 


Professor C. H. Descu, F.R.S. (Member of Council), asked Mr. Lewis 
for information as to the life of the silica gel. When the gel was kept 
quite free from poisoning presumably it would last indefinitely, but 
it must be difficult to keep out slight traces of tar; he would be glad 
if Mr. Lewis would say whether it had been necessary, and if so how 
often, to renew the charge of silica gelin the plant. Mr. Lewis’ furnaces 
were slightly exceptional in that they were working largely with raw 
coal, and whether the same advantages could be got where typical 
blast-furnace coke was used, would be an interesting question to 
examine. 


Mr. F. W. Harporp, C.B.E. (Past-President), said he did not know 
why it should be assumed that similar good results should not be 
obtained in a modern furnace working with coke. It had been ad- 
mitted by nearly all metallurgists that there were great advantages 
in having dry blast. Not only did one get decreased fuel consumption, 
but one got what was almost of greater importance—greater uniformity 
of product. It all came down to a question of cost. He believed the 
Gayley process had failed entirely on the question of capital cost. It 
would greatly add to the value of Mr. Lewis’ paper if he could give some 
approximate figure as to the capital cost of the plant per 1000 cu. ft. 
of air passed through. Then ironmasters would be able to consider 
seriously how far that expenditure would be justified. 


Mr. A. K. Reese (Weybridge) desired to refer to one matter 
mentioned by Mr. Lewis, and also to reply to Mr. Harbord’s reference 
to the applicability of dry blast to coke furnaces. He had had the 
opportunity of working dry blast for many years on coke furnaces 
producing from 2000 to 2500 tons of pig iron per week, and the 
advantage over natural air operation had been most marked. He had 
submitted to the Institute, in previous discussions, figures comparing 
the results which had been obtained with those resulting from natural 
air operation. Very careful records had been made for several months 
immediately prior to, and for several months immediately after, the 
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application of dry air. Those figures showed that with the coke 
furnaces an even greater improvement was obtained from dry air 
than Mr. Lewis could get with his coal furnaces, though that might 
have been due to the larger furnaces and other local conditions. 

Mr. Lewis had referred to the chilling effect on his furnaces of a 
reduction of the moisture in the blast below 1 grain. At Cardiff the 
furnaces were run continuously for long periods on a moisture content 
well below 1 grain ; in fact, 0-75 grain per cu. ft. was the figure aimed 
for, and generally between 0-75 and 1-00 grain was obtained. He 
was therefore inclined to question Mr. Lewis’ explanation of the fall- 
ing off of his quality with low moisture as being due to loss of catalytic 
action when the moisture fell below 1 grain. That did not seem credible. 
Did it require as much as 1 grain of water per cu. ft. of air to bring 
about that degree of catalytic action which was generally recognised 
as necessary for the normal reduction of iron ore and combustion of 
carbon? Did not normal combustion take place with air containing 
under | grain of water per cu. ft. ? It would seem so, and not only in 
the blast-furnace. Was there any difficulty in starting a fire on a 
domestic hearth on a cold dry night, or in starting one out-of-doors 
when the cold dry atmosphere certainly contained well under | grain 
of moisture per cu. ft. ? 

He asked if Mr. Lewis had noticed any increase in the rate of driving 
during those periods when the moisture was very low in comparison 
with that at which he had aimed and for which his furnace was 
burdened? It was noticeable at Cardiff that the furnaces drove 
faster with the same volume of blast when the moisture was low com- 
pared with the standard dry air moisture. If Mr. Lewis’ furnace was 
burdened for a moisture of 14 grains, and the moisture fell to 0-75 grain, 
it was quite possible that the furnace might have driven so much faster 
as to throw it off quality—particularly with a furnace of the type with 
which he was operating, that is, a small furnace operating with coal. 
If that was not noticed it was, perhaps, because the engines were slowed 
down as soon as the quality changed, as was the custom in some practice, 
before the cause of the change in quality—which might have been 
faster driving, and which would affect a furnace of that size more 
quickly than a larger furnace—had been determined. He was inclined 


to the opinion that the explanation given by Mr. Lewis was not the 
correct one. 


Mr. H. C. Evans (London) thanked the author for having analysed 
the results of his work by the method suggested by Mr. Bailey and 
himself.t_ By maintaining a constant moisture content in the blast, 
Mr. Lewis had eliminated a variable which was extremely difficult 


-to ascertain in normal operation. Several of his own friends—British, 


Continental, and American—had from time to time made detailed 


* Journal of the Iron and Steel Institute, 1928, No. I. p. 53. 
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criticisms of the mathematical equations put before the Institute, and 
they also frequently put forward a series of blast-furnace results which 
seemed to indicate that those equations were not correct. Mr. Bailey 
and he had become so accustomed to using those formule that when 
they got a series of blast-furnace results of that type they immediately 
suspected the existence of another factor, which frequently became 
evident on further analysis. Mr. Lewis’ results had brought out a 
factor which had never before been anticipated—namely, the variation 
in radiation in summer and winter. There was a definite difference 
in the amount of heat lost to the atmosphere by Mr. Lewis’ furnace 
during the hot months and the winter months. He was very interested 
to learn that Mr. Lewis had taken the rather heretical step of insulating 
the top of his furnace. It should do good if Professor Bone’s work 
was correct. The rate of reaction of the ore-reducing gas should be 


- increased, by the maintenance of a higher temperature in the upper 


portion of the furnace. One looked forward with considerable interest 
to the results that would be obtained. 

Referring to the optimum dryness mentioned by Mr. Reese, he 
said there was no doubt, from the analysis of Mr. Lewis’ results, that 
there was a degree of optimum dryness, and that mathematical analysis 
did take into consideration the effect of the rate of driving and the 
other variables which Mr. Reese had mentioned. The work which 
was at present being done by Professor Bone for the National Federa- 
tion of Iron and Steel Manufacturers promised to throw light on that 
subject. Professor Bone had found that the reduction of the moisture 
or the hydrogen in a reducing gas, down to a point, increased the rate 
of reduction of an ore. Below that point the rate of reduction was 
enormously retarded, and, with absolutely dry reducing gas, the 
probability was that no reducing effect at all would take place; so 
that, if those experiments were substantiated, below a certain degree 
of moisture the rate of reduction in the blast-furnace would undoubtedly 
be reduced, with a consequent increase in the fuel consumption. 


Mr. Lewis, in reply, said that Mr. Hutchinson had been kind enough 
not to offer any criticism of the paper, but only commendation. Professor 
Desch had asked a very important question about the life of the gel. 
The gel examined two or three months ago exhibited no appreciable 
variation from the first sample which had been taken a few weeks after 
the plant had started. No gel had been added to the plant; it had 
not been necessary. A little had been taken out, because it was found 
that they had more than they needed. A certain amount of tar 
certainly got through the by-product recovery plant, because, as was 
known, there were large quantities of tar in those particular gases 
before cleaning, and it was very difficult to eliminate the very last 
tracés. They activated direct with the blast-furnace gas, but it was 
found that the hydrocarbons, in so far as they were deposited on the 
gel and caused a slight discoloration, were very easily removed. By 
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raising the activating temperature 10° or 15° C. the whole of the 
discoloration was removed. Tests taken under those conditions 
showed in some cases that the gel was rather better after such treat- 
ment than it had been before. 

With regard to blast-furnace coke, he saw no reason why the 
advantages should not be as great with coke furnaces as with coal 
furnaces, except that with coke furnaces they would not get the extra 
present of additional oil from the coal. That was something which 
had been hoped for, but which had not been expected in anything like 
the quantities in which it was being obtained. As a matter of fact, 
the addition of oil paid the royalty—which was very nice. That 
result would not be obtained on the coke furnace. Otherwise he saw 
no reason why the advantages should not be quite as great on coke 
furnaces—and he thought that had been proved, first by Gayley’s 
results, and secondly by Mr. Reese’s results to which he had referred. 

Mr. Harbord had asked about the cost of the plant. He was 
afraid he was not at liberty to give the cost without first consulting 
the company by whom he had been formerly employed at Wishaw. 
Anybody who was interested could no doubt get an estimate of the 
cost from the makers of the plant which would enable them to make 
up a balance sheet. He could say, however, that he was quite satisfied 
that in a very few years the whole cost of the plant at Wishaw would 
have been wiped out by the savings. 

In reply to Mr. Reese on the question of the optimum dryness, he 
doubted very much indeed whether any domestic fire had ever had air 
supplied to it—at least in latitudes south of the extreme North of 
Scotland—with anything approaching 1 grain of moisture ; it was only 
in extremely cold weather that the atmosphere went below 1 grain, 
and in the case of a house, there was always a lot of moisture taken up 
from the inmates, apart from anything else. It was very difficult 
indeed to get natural air below 1 grain. He had noticed, in looking 
through Gayley’s results obtained some years ago, that there was not 
a single figure below about 0-98 grain. The moistures which had 
apparently caused trouble at Wishaw had been considerably below 
that. Now that they had learned from experience, if the atmospheric 
moisture went below 1 grain, the dry blast plant was blocked off 
altogether so that no air at all could be drawn from it, because under 
such conditions—atmospheric moisture below 1 grain—the dry blast 
plant gave moistures in the neighbourhood of 0-02 grain. 

Mr. Reese had asked if there was any speeding up of the furnace 
when the moisture became very low. The contrary had been the 
experience, namely, that along with the colder iron and the white iron 
casts a definite slowing down of the furnace occurred when the moisture 
went considerably below | grain. 

It was interesting to note that in the results published by Mr. Reese 


1 Journal of the Lron and Steel Institute, 1904, No. II. p. 296. 
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a higher fuel consumption was given for several of the weeks when the 
moisture was lowest than for those weeks when the moisture was about 
1 grain per cu. ft. 


This paper was also presented at the Additional Meeting held at 
Glasgow on May 9, 1929. 


The Cuarrman (Mr. R. Hamilton) said the subject dealt with had 
given rise to a great deal of interest in the Glasgow district since Mr. 
Lewis had first taken it up some time ago. He knew that the experi- 
ment at Wishaw was being closely watched by various people who 
wished to be sure that everything was all right before possibly taking 
further steps. He would like to ask Mr. Lewis a question about the 
optimum dryness, to which he had referred in his first paper. At that 
time (1927) the moisture in the blast had only once gone below 1 grain, 
and he had quickly retraced his steps. He had intended to make 
further trials ; he had evidently done so, and the cooling of the furnace 
had been rapid. He (Mr. Hamilton) desired to know if any opinion 
had been formed as to the cause of that. It was known, of course, 
that certain reactions did not readily take place between gases when 
they were thoroughly dry, and he had in mind an experiment of a very 
extreme nature in which the gases were thoroughly dry and reaction 
did not occur. He supposed that even going below 1 grain might 
have a retarding effect. 


Mr. Seron Karr replied that Mr. Hamilton had correctly inter- 
preted Mr. Lewis’ opinion with regard to the amount of moisture in the 
blast. There was one point he had omitted to mention in the paper. 
In the last column of Table I. the percentage saving in fuel was given 
as 5-45 per cent.; that must be taken as the saving obtained under 
the atmospheric conditions prevailing in the Wishaw district. In 
considering the value of a dry blast plant, account must be taken of 
the atmospheric conditions prevalent in the district where it was 
proposed to instal it. 


1 Journal of the Iron and Steel Institute, 1920, No. Il. p. 112. 
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THE A.I.B.1 SINTER PLANT AT MESSRS. 
GUEST, KEEN AND NETTLEFOLDS, 
LTD., CARDIFF WORKS. 


By W. E. SIMONS (Carprer). 


INTRODUCTION. 
AurHoucH there are several sinter plants in Great Britain, the 
sintering of iron ores has not received the attention it deserves. 

The evil effects of fine materials in the blast-furnace are too 
well known to be further elaborated upon here. ‘The preparation 
of materials prior to their introduction into the blast-furnace is 
one of the outstanding features of modern American and Conti- 
nental practice. EF. H. Willcox 3 has stated that by crushing and 
screening ore, coke, and limestone it is possible to increase the 
output of a blast-furnace by about 12 per cent. 

It is the practice at some Continental plants not to put any- 
thing into the blast-furnace smaller than an inch cube. Besides 
higher outputs and lower fuel consumptions, less flue-dust is 
made; lower blast pressures, less slipping and less sticking 
occur, and more regular working of the blast-furnace is obtain- 
able. The preparation of materials in Great Britain has been 
badly neglected ; very few plants have any crushing or screen- 
ing plants. 

Sinter itself is ideal for blast-furnace use, for it is very porous, 
with large surfaces exposed to the reducing gases, and is fairly 
fusible. Good sinter should be strong physically, porous and 
free from fines ; in appearance it is like hard boiler clinker, and 
is dark blue in colour. 

The result of separating out the fine ores by screening and 
sintering at the Cardiff Works has been the attainment of a 
consistently higher output, and coke consumption has been 
reduced by about 1 cwt., the amount of sinter used varying from 

1 Allminna Ingeniérsbyran, Stockholm. 


2 Received January 18, 1929. 
3 Iron Age, 1928, vol. cxxi. pp. 1011-1012. 


90 SIMONS : THE A.I.B. SINTER PLANT AT MESSRS. GUEST, 


16 to 25 per cent. of the ore burden. In addition to separating 
out the fines, the lumpy ore and limestone are crushed to a 
uniform size. 


DESCRIPTION OF SINTER PLANT. 


The general layout of the sinter plant is shown in Fig. 1 
(Plate IJI.). 

All the material is brought to the sinter plant in hopper- 
bottom wagons ; they are discharged into a bunker, from which 
the material is elevated on an inclined belt and can be passed into 
either the crushing plant or, if sufficiently fine, nto the bunkers. 
This belt passes over a magnetic pulley for the removal of tramp 
iron. 

Crushing Plant.—As a crushing plant is common to all sinter 
installations, it is not necessary to describe it in detail. The coke 
and ore crushing plants consist of one primary roller crusher 
and one primary jaw crusher respectively, each followed by two 
secondary roller crushers. From the crushers the materials are 
conveyed to their respective bunkers by means of rubber belts. 

Bunkers.—There are two rows of bunkers, six ore bunkers 
in one row, and, adjoining them, one large bunker for flue- 
dust and a large one for coke. The flue-dust and coke bunkers 
each have twice the capacity of an ore bunker; one of the ore 
bunkers is used for “return fine sinter,’ which is sintered again. 

Each bunker is emptied by means of an apron belt, driven 
by a ratchet mechanism. To regulate the amount of material 
leaving each bunker there is a vertical slide, which is adjusted by 
a ratchet-wheel and a pawl. The emptying gear on the coke and 
flue-dust bunkers is smaller than on the ore bunkers. 

The ore, the coke, and flue-dust are discharged on to hori- 
zontal rubber belts which transfer them on to an inclined belt 
running into the sinter house. 

Sinter House—Briefly, the operation of sintering consists of 
mixing fine iron ore, coke, and flue-dust ; this mixture is placed 
in a circular steel pan, and ignited by means of oil burners, a 
motor-driven fan drawing air through the pan. When burnt, 
the fine materials have fused into a dark blue clinker. The pan 
is then tipped, and the sinter is conveyed into a railway wagon 
ready for use. 
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The sinter house is 146 ft. long, and the width from the centre 
lines of the roof columns is 40 ft. 6in. Running the whole length 
of the building is a crane gantry, the span of which is 37 ft. 6 in. ; 
the height of the rails is 21 ft. 9 in. above the main floor level. 
Fig. 5 (Plate IV.) gives a general view of the interior of the sinter 
house. 

On one side of the sinter house is an annexe, in which is situated 
the receiving hopper and feeding gate, the mixer, elevator, and 
charging bin; on the same side, farther down, the fan house 
adjoins. On the other side of the building is a crane gantry, of 
the same span, height, and length as that in the sinter house ; 
it is used for handling the finished sinter, and under it are two 
railroads. The cranes have a lifting capacity of 10 tons, and 
each is provided with a special lifting beam. 

The sinter plant is a 12-pan unit; the pans are placed in 
two rows of six each. At present only eight pans have been 
installed, and the remaining four are now being put in. 

Hach pan is 2-6 m. (8 ft. 62 in.) in diam., 825 mm. (12% in.) 
deep, and holds from 1-5 to 1-75 tons of finished sinter. It is 
made of four ribbed circular steel castings, machined and bolted 
together. ‘Two sections have trunnions for lifting, and the other 
two have a short additional rib, which is used when the pan is 
placed in the tippler. Across the bottom of the pan are bolted 
four equally spaced bearer bars, on which the firebars are placed ; 
the latter are of cast iron, and are arranged to interlock on the 
bearer bars, so as to prevent any displacement of bars when the 
pan is turned over. On the inside circumference of the pan a 
number of steel ribs are cast on an inch above the firebars, and 
under them are placed curved mild steel bars of rectangular section 
which lock the firebars around the circumference. ‘These locking 
bars are kept in position by studs screwed into the firebars. Bolted 
on the bottom of the pan is a dish, 300 mm. (1143 in.) deep, made 
of mild steel plates. Between the pan and the dish is an asbestos 
ring to make an air-tight joint. In the middle of the bottom of 
the dish is a steel casting with a bored hole 820 mm. (1 ft. 033 in.) 
in diam., through which the air is drawn. This casting fits on 
to the valve connecting the pan with the fan suction. Fig. 2 
shows the sequence of the materials into the sinter pan. Fig. 3 
is a sectional elevation through the sintering bay. 
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the latter is emptied by a circular revolving gate and a plough, 
and the material is passed on a rubber belt (C) to the mixer (D), 
which consists of a steel drum 1-5 m. (4 ft. 1154, in.) in diam., and 
is fitted inside with angle irons to facilitate the mixing. ‘The 
mixed material is discharged into an elevator and taken up into 
the charging bunker (/). The elevator and charging bunker are 
shown in Fig. 4. 

The charging car, which passes under the charging bunker, 
can accommodate two pans; an empty pan is filled while a full 
one is being tipped. It is driven by a 10-H.P. motor, and by 
means of clutches it can travel or rotate either pan. An empty 
pan is placed on the charging car, and a small quantity of rubbly 
return sinter is put on the bottom of the pan for bedding ; the pan 
is then brought under the charging bunker (/). It is then filled 
by opening the special electrically operated segment gate fitted 
to the bunker ; by revolving it even filling is attained. When the 
pan is full the charging car moves out from under the bunker and 
comes under the crane gantry. A little anthracite duff or coke 
breeze is thrown over the pan to facilitate the ignition. Fig. 6 
(Plate V.) shows the charging bunker and a pan being filled. 

The overhead crane brings back an empty pan from the pan 
tippler and puts it on the charging car ; the latter with a full pan 
and an empty one is shown in Hig. 5. The crane then places 
the full pan in one of the stands, which are built up of mild steel 
sections riveted together. When the pan is lowered into posi- 
tion a valve automatically opens, and suction*from the fan is 
applied to the pan; similarly, when the pan is lifted this valve 
automatically closes and shuts off the fan suction. 

Under the stands are the dust chambers, in which collects 
any dust which may be drawn through by the fan. The chambers 
consist of reinforced concrete boxes, from each of which a cast- 
iron pipe conducts the gases to the fan. 

The pan is then ignited by means of an ignition car, which runs 
on a track of 6 ft. 42 in. gauge situated between the two rows 
of pans. The ignition car consists of a rectangular framework of 
mild steel sections riveted together and mounted on four wheels. 
On top of a king-post fitted in the middle of this framework 
is fixed a beam, at one end of which the ignition apparatus is 
suspended, and at the other end is a cast-iron balance weight. 
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Between the ignition apparatus and the balance weight the fuel 
oil tank is placed. The ignition car is driven by a 5-H.P. reversible 
motor, and by means of clutches either the car can be made to 
travel or the beam can be rotated. 

The ignition apparatus itself consists of a circular hood, the 
inside diameter of which is the same as that of the pan ; by means 
of a serew arrangement it can be lowered or raised. Around its 
circumference are three burners, equally spaced, which are so 
arranged that they can be oscillated in unison to ensure that the 
whole surface of the pan is covered by the flames. 

The ignition is accomplished by means of fuel oil and com- 
pressed air. ‘The air, at a pressure of 75 Ib. per sq. in., is supplied 
by a 2-stage Sentinel air compressor, which is situated in a build- 
ing adjacent to the fan house. A flexible hose is connected on 
to a T-piece on top of the oil tank, in order to put the oil in the 
tank under pressure. The compressed air then passes through 
a set of three small tubes across the hood to the three burners ; 
as each burner 1s movable, a length of this tubing has to be 
flexible. The oil under pressure is conducted to the burners by 
a similar set of tubes. On each burner there are two regulating 
cocks, one for air and the other for oil. 

To ignite the pan the hood is first lowered over the pan. The 
compressed air hose is then connected to the supply; the com- 
pressed air cocks on the burners are always left open. The oil 
is then turned on at each burner and lit with a torch. To obtain 
a uniform ignition throughout, the burners are oscillated so that 
every portion of the pan is covered by the flames. 

The time of ignition is from 1 to 2 min. When the ignition 
is completed, the oil is first turned off; the hood ig then 
raised, the compressed air turned off, and the hose digcon- 
nected. The time of sintering is from 1 to 14 hr., depending 
upon the materials beg sintered. The oil consumption is 0°5 
to 0°6 gal. per ton of finished sinter. 

Fans.—The fans are placed in a building adjoining the sinter 
house. One motor drives two double-compartment fans, and 
each compartment draws from one pan. There are eight pans 
installed, and there are four fans direct-coupled to two fan 
motors, which are each of 135 H.P. and rotate at a speed of 
2300 r.p.m. The exhaust gases pass from the fan through a 
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tunicle pipe to the chimney flue. The fan suction is about 30 in. 
at the commencement of sintering, and decreases as the pan is 
sintered. 

Tvppler Gear—When the pan is sintered it is conveyed by 
the overhead crane to the tippler gear, shown in Fig. 7 (Plate V.) 
with a pan fixedinit. The tippler gear, consisting of a rectangular 
frame into which the pan fits, is fixed on top of a bunker for 
containing the finished sinter ; the frame is rotated by an electric 
motor, and the sinter drops out of the pan. ‘To keep the pan in 
the frame there is a locking device, which is automatically worked 
by the crane and is absolutely foolproof and reliable. When the 
erane driver has placed the pan in the tippler he moves back in 
the crane to the tippler controller, placed about 10 ft. from the 
tippler and so arranged that he can work it by simply putting his 
hand out of the cab window. After the pan is tipped the crane 
takes the empty pan away and lowers it on to the charging car 
to be filled again. 

The receiving bunker for the finished sinter has a sloping 
bottom—so that the sinter will easily empty out of it—consisting 
of cast-steel screening bars of 2-in. mesh. Through these screens 
the rubble and fine sinter pass into a rotary screen which has 
3-in. diam. holes. The rubble is discharged to an elevator which 
puts it into a small bunker; it is then used for bedding. The 
main bunker discharges directly into a skip. The fines which are 
screened out pass into a bunker underneath the sinter bunker. 
In front of the latter is a rectangular pit, into which is lowered 
a rectangular skip suspended from the outside overhead crane. 

The door on the tippler bunker is operated by compressed air ; 
the controlling valve can be operated from the cab of the outside 
crane. The skip is placed in front of this door, and when it is 
opened the finished sinter falls into the skip. The gate on the 
fines bunker is under the other gate. 

To empty the fine sinter bunker the skip is lowered to the 
bottom of the pit, and the gate is also opened from the crane cab. 
Underneath this overhead crane there are two parallel railroads, 
on which the empty hopper-bottom wagons are put; the over- 
head crane fills them. 

If the finished sinter is very hot it can be sprayed with water 
while in the skip, prior to being tipped. The fine sinter is put 

1929—, H 
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into wagons, and is passed through the plant to be again sintered. 
This arrangement of disposing of the finished sinter has been 
found cheap and efficient. 

The power consumed is 15 to 16 kw. per ton of sinter pro- 
duced, excluding the power required in the crushing plant. 


PRACTICH OF SINTERING. 


While the purpose of sintering is the agglomeration of fine 
materials, the process is greatly facilitated by the presence of 
a fair amount of small rubbly material, up to +1n. cube; should 
the material be above this size it is necessary to crush it, as it is 
too big to fuse into sinter. 

All the coke breeze is crushed down to # in. cube; it is 
advantageous for the coke breeze to be rubbly, as otherwise it 
burns too quickly. 

All the materials as they are delivered into the mixer are 
usually dry. Inside the mixer is a fine spray of water for wetting 
the material as it is mixed. The mixed materials should contain 
about 15 per cent. of water ; this is necessary to keep the mixture 
open while it is being sintered in the pan. 

All the materials should be free from lime; lime and silica 
fuse together at a low temperature, which causes the materials 
to fuse into a dense mass that sticks in the pans. Similarly, if 
there is too much carbon in the sinter material the mass melts 
and the resulting sinter is hard and dense and resembles mill 
cinder. It also tends to stick in the pans. The amount of carbon 
necessary in the sinter mixture varies with the materials under 
treatment. When sintering iron ore, pyrites, and flue-dust, about 
7 per cent. of carbon is required. A small amount of anthracite 
or coke breeze is thrown on top of the pan prior to ignition. This 
ensures good ignition and reduces the amount of fines made to 
a minimum. 

Particulars of Materials Used—tThe analyses of the materials 
used are given in Tables I. and II. 

The coke breeze used is the screenings from coke-ovens; and 
the analysis is similar to that of ordinary coke, only that the 
moisture and ash content are usually a little higher. 

All iron ores, whether hematites or magnetites, make good 
sinter and present no difficulties in sintering, provided that the 
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| | 
Fine | nee re eee r | San 
erence Sp ae ena - Oren | Newel Burnt Pyrites, 
: 
| o/ o/ % % % 9 9 is 
Moisture /12-80 | 1:00 | 0-62 | 5-3 | 9-10 75 \io 15° 
ae 40-46 | 56-82 | 54-91 | 51-9 | 47-32 | 56-42 | 51-6 pouete 
anganese soo! eh ® Ge me ue ae a5 fee ee oi 
Silica GTN eee JE Na le a ie ae 
Alumina | 6-95 10°99 Seca eh oa serthwes 
Insol. residue. | 13:86 | 7:93 |... 4-26-| 9-56 1-85 =) ean ier 
Lime OSL bc Ob a2 Soa O76 een ass 0-80 doce Ih Sete 
Magnesia | Trace | 3-05 | 4:07 | 0-26) ... 6-20 Sep eee 
Phosphorus | 0-04 | 0-013) 0-016] 0-046 0-017) 0-01 | 0-014! 0-022 
Sulphur a 0-052; 0:43 | 0-519} 0-082! 0-023} 0-40 | 2-7 2-80 
Copper . Pitt Ss = oak aac an 0-32 ope | Wels} 
7 he 7 re | 
Complete Analysis of Holton Heath Burnt Pyrites. 
% % 
Moisture 0-85 Sulphur i 1-43 
Iron . : 58-13 Phosphorus . 0-013 
Insoluble residue . 10-21 Manganese Nil 
Silica . oll Copper 1:18 
Alumina Te19 Lead Trace 
Lime 1-28 Loss on ignition 2-80 
Magnesia 0-45 


TasiLEe II1.—Analyses of Flue-Dust. 


I. and II.—From blast-furnace dust-catcher. 
I1I.—From gas main between blast-furnace and gas-washer. 
IV.—From dust-catcher adjacent to gas-cleaning plant. 


I. Aili IV. 
| % % % % 
Moisture - 12-00 Dry 0-80 0-10 
Ferrous oxide 21-70 12-60 26-14 29-03 
Ferric oxide 37-60 49-01 30-24 36-54 
Total iron 43-12 44-1 48-7 48-15 
Residue 7:24 10-9 9-92 bes 
Lime ane 3°30 ZO 2-58 
Magnesia ; dec 1-50 1-81 1-62 
Sulphuric anhydrid ee 1-02 0-99 Ipopal 
Phosphoric acid as 0-082 0-072 0-065 
Loss on ignition 13-6 14-80 11-30 7:50 
Sulphur va 0-41 0-40 0-49 
Phosphorus . ahs 0-036 0-032 0-029 
| Carbon 12-20 12:48 10-44 7-00 


Norr.—The carbon content of flue-dust is highest near the furnace; as the 
flue-dust is deposited farther away from the furnace the carbon content decreases. 
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iron or silica contents are not extremely high. Burnt pyrites 
is usually more refractory than iron ores, and it requires more 
coke. It often contains a large percentage of sulphur, especially 
when it has a large portion of rough material, as the sulphur is 
then not properly burnt out. However, in the process of sinter- 
ing, most of the sulphur is burnt out. Purple ore presents no 
difficulties in sintering and makes good sinter. 

Flue-dust is one of the most difficult materials to deal with. 
However, as a blast-furnace makes much of this material, it has 
to be used, and it is very cheap. The Cardiff flue-dust is rich in 
iron and carbon, and can be considered as both an ore and a fuel ; 
the excess carbon replaces some of the coke breeze. The trouble 
with flue-dust is that the carbon content is very variable, so that 
the mixture may at one time show an excess of carbon, while 
a very short time after it is deficient in carbon. The sinter 
mixture should never contain more than 80 per cent. of flue-dust, 
as the sinter is hable to be very irregular in quality. 

Flue-dust should never be used directly it comes from the 
blast-furnace. It has been found in practice that it sinters much 
better when it has been stocked out in the open and “ weathered ” 
for several months. 

When a blast-furnace has been slipping badly, large lumps of 
coke, up to 4 in. cube, are often found in the flue-dust. It is 
impossible to separate them out, so the flue-dust is put into the 
sinter mixture with them in. It has been found that these lumps 
of coke give no trouble at all, and do not cause any overheating. 
They simply pass through the sinter process without being burnt. 

Roll scale sinters very easily, and, owing to its high iron 
content, it considerably enriches the resulting sinter. 

The amount of return sinter made is about 15 to 20 per cent. 
This material is very easy to sinter, and its presence in the sinter 
mixture 1s advantageous, as it tends to keep it porous. 


OPERATING RESULTS. 


The Cardiff plant is worked continuously, Sundays and holi- 
days included. Three 8-hr. shifts are employed ; this is necessary, 
because the blast-furnace works continuously. Details and 
results of a month’s working during October 1928 are given in 
Tables III. and IV. 
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TaBLE I1V.—Operating Results. 


No. of Total |Average Analysis of Mixture. 
Date. Pans Time per Sinter Made. Fines. GAS 
Sintered. Lost. Pan. Weekly Average. 


Hr, Min.| Tons. | Tons. Owt.| Tons. Owt. 


Sept. 29 135 2 10 | 1-63 220 5 53 71] Spathic . . 48-90 
30 126 SEED Dau O 203 4] 54 16) Pyrites . . 15-54 
Oct. 1 146 aaa 1:55 PENG 57) © 85) Miue-dusty eon 
2 152 age leb8 2407 81 4] Return fines . 20-76 
3 152 a 1-52 231 19 76 9 
4 150 ies 1-64 245° 13 67 yf 99 -99 
5 140 LSOs loo, ORY Yi 59 19! Coke breeze on 


= —— = ix oO 
mixture, 6% 


Total . | 1001 TH Boll Weoays} |) Mo 4 ae) NO) 
Oct. 6| 152 58 1:60 | 243 2.) 62 11] Obregon . .- 1-64 
7 | 141 2 30) 1-67 | 235 13] 55 12] Spathic . . 48-21 
8 141 OP LOM L525) S27 Se 66917 Pvritests seen Ou6G 
9} 150 OF 3805) 1-47 | 220, 6) 81s) Bluetdust 28) 13-92 
10 140 0 55)1-52) 213 13} 67 15 | Return fines . 20-56 
11 | 146 0 55] 1-55] 226 11) 49 12 —— 
12) 135 Oar | bey PAN sy te GB} 99599 


— Coke breeze on 


Total 1005 5 50 1-56 1568 5) 446 0O mixture, 6:59% 

Oct. 13 | 149 tee P60} 238 8 | 64 13 | Spathic © , 7 ano aie 
14 142 OF S0n tbs 220 I1 0455 0 |e Prritess ane OS 
15 | 146 O 20; 1-65} 240 15] 65 121 Flue-dust. . 14-29 
16 94 9 45 | 1-57 148 #1 57 15 | Return fines . 18-58 
17 | 134 2eAdsle oil 210n tS Ne by 16 -- = 
18 91 By | they ey a my 8} 100-00 
19 83 10 25 | 1-59 132 5] 48 171] Coke breeze on 


mixture, 6-29% 
Total . | 839 | 32 45 | 1-59 | 1333 14 | 363 g 
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22 156 0 1-61 252 «2 54 Ret fi a 
23| 140 | 1 ©O|1-66| 238 2) 71 Mamiesaaeo tees 
24 | 146 Ih @) || Wey) BRIS ye ila 99-99 
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26 | 142 my lay | ici || Be 53 mixture, 6-16% 
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DISCUSSION. 


Mr. Davin EK. Roserts (Cardiff) congratulated Mr. Simons on the 
presentation of his first paper. There was nothing to-day which was 
of greater interest to blast-furnace people than the dressing of materials, 
and, in particular, the sintering of fine stuff generally. It was admitted 
by all blast-furnace men that the charging of fine material into a fur- 
nace was a great mistake. On the Continent and in America all fines, 
both ore and coke, were separated out. All that fine stuff was put 
through a process similar to that which Mr. Simons had described, 
thus making valuable material with which later to feed the blast- 
furnace. 

There were two or three types of sintering machines. The two best 
known were the old Dwight-Lloyd and the Greenawalt. The one of 
which Mr. Simons had spoken was a modification of the latter—and 
an improvement upon it, in his own opinion. The Greenawalt method 
was worked with a series of large rectangular pans on trunnions. In 
the arrangement described by Mr. Simons the pans were of circular 
form ; they were picked up and carried away to a separate building for 
manipulation, cleaning, discharging, and so on. It was an excellent 
method. The whole plant was a great success, and he was sure that 
a study of it by members interested in the question of sintering would 
result in great benefit. 


Mr. L. Barretro (Bilbao) said Mr. Simons’ paper was very interest- 
ing to those engaged in the subject in Spain, because some of the 
ores in that country were fine. He was glad that Mr. Simons was 
encouraging British engineers to use those ores in Great Britain. The 
plant at Cardiff appeared to be a very good one indeed, and he con- 
gratulated Mr. Simons, and thanked him for his valuable paper. 


Mr. F. W. Harzorp, C.B.E. (Past-President), remarked that he 
had had the pleasure a few weeks previously of seeing the plant which 
had been described by Mr. Simons, but unfortunately it was not 
operating at the time. He thought the Institute should be con- 
gratulated on having had the full details of the plant put before it 
at so early a date, and he was particularly pleased that one of the 
youngest members of the Institute should have had the opportunity, 
and should have taken advantage of it, to place the particulars of the 
plant before the members. Mr. Roberts, in his remarks, had emphasised 
the importance of sintering plants and of sintering raw materials ; in his 
own opinion sintering was becoming more important every day in the 
iron and steel industry. 
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One particular point about this plant which had impressed him very 
favourably was its general layout and construction. It was practically 
on the ground level, there was no heavy overhead structure, and 
there were no continuously moving parts to get out of order—an. 
important thing in a mechanical appliance which was heated to a high 
temperature. Hach unit was independent, and a small plant could be 
put down which would be very suitable for many firms who only wanted 


-to sinter their flue-dust with the requisite quantity of ore sufficient 


to make a good sinter. As requirements increased, unit by unit could 
be added without any heavy expenditure in superstructure. 

With regard to the capital cost, the cost as given to him compared 
most favourably with that of any of the other known sintering plants 
for an equivalent output. In his opinion the plant was one which 
should receive the very serious consideration of all ironmasters who 
were contemplating putting down sintering plants. 


Mr. J. Tornpiab (London) agreed with Mr. Simons that in Great 
Britain the sintering of fine iron ores had not received the attention 
that it deserved, and, further, that with a certain percentage of sinter 
added to the blast-furnace burden a saving of coke was obtained as 
well as an increased output of pig iron. 

Where sinter was now used in Great Britain as part of the furnace 
burden the percentage of sinter was usually small. His contention 
and experience was, however, that where possible a much larger per- 
centage of sinter should regularly be included in the burden, as the 
fuel consumption was then considerably decreased and the output of 
the furnace increased. A steadier and more regular working of the 
furnace was also the result. 

In the United States, as well as in Sweden, furnaces were now 
working with a 100 per cent. burden of sinter, and had been doing 
so over long periods with most satisfactory results. With a 100 per 
cent. burden of sinter, available figures showed a decrease in the coke 
consumption of from 20 to 30 per cent., and a daily increased output 
of pig iron of from 25 to 40 per cent. 

Comparing the new sinter plant at Cardiff with a modern Greenawalt 
plant, he considered the A.I.B. plant to be inefficient as well as com- 
plicated. The operating results given in Table IV. showed that with 
8 pans in use, each having a grate area of about 56-75 sq. ft., or a total 
of 454 sq. ft., the average daily output of sinter for 5 weeks worked out 
at no more than 218 tons. Two medium-sized Greenawalt pans, each 
with a grate area of 133 sq. ft., or 266 sq. ft. for the two, would produce 
the same quantity of sinter and even more. 

The complicated manner of handling the A.I.B. pans for tipping, 
recharging, and ignition, meant a loss of valuable time. With an 
average of 137 sintered pans per day of 24 hr., only 1 sintered pan 
was obtained every 105 min., whereas in a Greenawalt plant tipping, 
recharging, and igniting a pan was repeatedly done in 3 min. With 
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12 pans eventually installed he very much doubted if, with the one 
crane, the time mentioned could be essentially improved upon. 

Coming back to the figures in Table IV., the amount of return 
fines, an average of 59-3 tons per day, was excessive; that meant 
that the pans produced 78-6 per cent. of sinter and 21-4 per cent. of 
return fines. He considered that to be a very moderate result indeed, 
but it was explained by the small size of the pans. It was well known 
that, by the cooling effect of the steel sides of a sintering pan, the outer 
edge of the sinter in the pan was always rather soft and contained 
a good proportion of fines. In the 8 A.I.B. pans described the total 
surface area of the perimeter of the pans was 204 sq. ft., whereas for 
2 Greenawalt pans with the same capacity of finished sinter the com- 
bined surface area of the sides of the pans only amounted to 73 sq. ft. 

With regard to the construction, the A.I.B. pans must be as light 
as possible on account of their having to be moved about by an over- 
head crane with a considerable span; there was thus a danger of 
breakage. 

Also, the grates in the pans were of the stationary type, so that, as 
Mr. Simons said, there was always the risk of the sinter sticking to the 
grates, should the mixture that was sintered not be exactly right. 
Those drawbacks were entirely eliminated in the Greenawalt pans. 
Being stationary, the Greenawalt pan could be made very strong, 
and the rotating grate bars—another feature—entirely eliminated the 
danger of the sinter sticking to the grates when the pans were tipped. 

The system of charging the pans as practised in the A.I.B. plant 
at Cardiff was also far from ideal. To obtain the best results it was 
essential that the charge ina sintering pan should be as uniform, loose, 
and fluffy as possible. That could not, however, be obtained with the 
charging arrangement described. When the gates of the charging 
bunker were opened, the whole pressure of the weight of the material 
in the bunker bore down upon the charge being deposited in the pan 
beneath the bunker; consequently, at the commencement of filling 
the pan, when the bunker was full, the pressure upon the charge was 
greater than at the end when there was less material in the bunker. 
That irregularity was also entirely eliminated in the Greenawalt charging 
car, from which the materials were fed into the pan by means of rollers ; 
the charge was thus evenly, uniformly, and lightly spread over the whole 
pan from one end to the other. 

In his (Mr. Tornblad’s) opinion, the A.I.B. ignition apparatus was 
not ideal. Mr. Simons stated that anthracite duff or coke breeze had 
to be thrown over the pan to facilitate the ignition, but that was not 
necessary with the Greenawalt ignition hood. He also doubted 
whether the A.I.B. ignition apparatus could be successfully adapted 
for gas ignition at plants where gas was available. Ignition with gas— 
either blast-furnace or coke-oven gas—was most satisfactorily accom- 
plished with the Greenawalt gas ignition hood, and it was usually 
cheaper to ignite with gas than with oil. 
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The proprietors of the A.I.B. system claimed that the main 
advantage of their system over the Greenawalt system was the entire 
elimination of dust from the plant, as the A.I.B. pans were tipped 
outside the plant proper. That might be true, but he felt sure that 
at the tippler gear shown in Fig. 7, which was open and exposed to all 
winds, there would be clouds of dust when the pans were tipped. It 
was quite true that at the older Greenawalt plants, especially in Great 
Britain, where no provisions were made for dealing with the dust 
when the pans were tipped, dust was more or less a nuisance. In the 
latest Greenawalt plants, however, special hoods and dust extraction 
fans were incorporated in the plants, with most satisfactory results. 

He (Mr. Tornblad) recently had occasion to inspect one of those 
modern Greenawalt plants now in operation at a works on the Con- 
tinent, and he found that when the pans were tipped all the dust that 
then arose was entirely confined to the dust hood covering the pan 
and the dust-tight hopper below, which was connected to the ventilator. 

In the tables Mr. Simons gave no indications as to the sintering 
costs, &c., for the new plant at Cardiff. For comparison with other 
sintering systems it would be very interesting if such costs and other 
data, such as the number of men employed at the plant, the electric 
power consumption per ton of finished sinter, repairs and maintenance, 
cost of the plant, and so on, were also available. 


Mr. Simons, in reply, first wished to thank Mr. Roberts and 
Mr. Harbord for their very kind remarks. In reply to Mr. Barreiro 
he could say that there was a great future for sintering in Spain. The 
spathic and Obregon ores, which were used at Cardiff, were both 
obtained from the Bilbao district. Increasing quantities of spathic 
ores were being used, and it might be of commercial advantage for 
mine-owners in that district to convert their fine material into the form 
of sinter and export it, as was being done in Sweden. 

In comparing any system of sintering, the three essential factors 
to be considered were the quality of the sinter, the capital cost of the 
plant, and the working costs. In these respects the A.B. system 
compared most favourably with any other system, and that was an 
answer to all criticisms. The efficiency of a sinter plant was not 
measured by the output per unit area of grate. Although two medium- 
sized Greenawalt pans might produce as much ag eight A.I.B. pans, the 
building for the former would be much more costly and elaborate than 
that for the latter. In an A.I.B. plant there was one simple tipping 
arrangement, whereas in a Greenawalt plant every pan was fitted with 
an elaborate mechanical device. One crane could easily deal with 
twelve pans, and no time was lost on account of insufficient crane 
power. 

With regard to the amount of fines produced, about 15 per cent 
of flue-dust was used, and that material caused more fines to be made 
than if iron ore were sintered alone. Before tipping the fines into the 
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railway wagons they were well watered, so that the amount of fines 
actually made was not so much as was shown in the results published. 
The method of dealing with the return fines in a Greenawalt plant was 
very unsatisfactory. By making the sinter bed in the pan 12% in. deep 
it was possible to obtain good lumpy sinter. 

With regard to the construction of the pans, it was absurd to say 
that they had to be as light as possible because they were moved by 
an overhead crane. On the same grounds one might as well say that 
a teeming ladle had to be made as light as possible. 

Sticking was a trouble that was experienced with all types of 
sintering plants if there was too much carbon in the sinter mixture. 
The density of the material in the pans had been found to be uniform 
throughout by means of the segment filling gate attached to the 
bunker ; it was shown by the regular quality of the sinter produced. 

It was not absolutely necessary to use anthracite duff or coke breeze 
to help the ignition, but their use considerably reduced the amount of 
fines made. Compressed air was applied to the ignition apparatus, and 
there was no reason why compressed blast-furnace or coke-oven gas 
could not also be used. No inconvenience to the operatives has been 
caused by the dust during the tipping of the pans. 

On behalf of the Allmanna Ingeniérsbyran, Mr. Simons added 
that Mr. Tornblad had stated as evidence of the superiority of the 
Greenawalt system that 2 Greenawalt pans with a total grate area of 
266 sq. ft. should be able to deliver as many tons of sinter per 24 hr. 
as the 8 pans with a total area of 454 sq. ft. produced at the A.I.B. 
plant in Cardiff. It was well known, however, that when sintering 
easily sintered raw materials rich in iron, it was possible to obtain 
with the same pan area and the same sintering system, up to about 
100 per cent. more sinter than when raw materials which were more 
difficult to sinter and less rich in iron were used for the charges. As 
Mr. Tornblad gave no details concerning the raw materials treated in 
the Greenawalt pans in question, it was evident, for that very reason, 
that his comparative figures were of no real value for judging the 
efficiency of the different systems. 

The production figures from several Greenawalt plants in Sweden 
and Norway, where pans with an area of 84 and 96 sq. ft. were used, 
showed a sinter production per unit area of the pans amounting to only 
about 55 per cent. of the output which Mr. Tornblad now said was 
normal for similar pans with an area of 135 sq. ft. The Greenawalt 
plants mentioned, in which concentrates containing 60 to 68 per cent. 
of iron were treated, delivered an output per unit area about 20 per 
cent. lower than that of the A.I.B. plant in Oskarshamn, Sweden, 
where purple ore with about 56 per cent. of iron was sintered in pans 
having an area of only 35:6 sq. ft. Those figures showed clearly that 
Mr. Tornblad’s simple method of comparison was inconclusive. 

It was not only the character of the raw materials and the sinter 
production which were decisive for a reliable comparison between the 
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different systems. The size, character and hardness of the sinter, as 
well as the different opinions in different works as to the size of the 
product—what might be counted as sinter and what as fines—were 
factors which affected in a high degree the estimation in questicn. 

The amount of return fines depended very much upon how they 
were separated. In Cardiff, the charge was tipped over a screen with 
3in, openings between the bars, so that while separating the fines, 
sinter for bedding material was also obtained. In that way a coarser 
sinter was obtained for the blast-furnaces, but at the same time the 
percentage of fines became higher and the production of sinter lower 
than if, as was mostly done, a finer screen had been used and some other 
material than sinter had been taken for bedding material. 

The managers of the plant in Cardiff had found it most appropriate 
to use sinter for bedding, and they had been able to do so just because 
of the efficiency of the sintering system; an output higher (about 
20 per cent.) than that calculated could be obtained without including 
so high a percentage of smalls in the sinter for the blast-furnaces as 
had to be done with many other sintering plants. At the Greenawalt 
plants in Europe, the separation of the fines was generally done through 
a screen with } to ;3,-in. openings between the bars ; those screens were, 
however, often ineffective, so that a comparatively large amount of 
return fines was included in the sinter. Nevertheless the percentage 
of fines at the Greenawalt plants became high, and the statement had 
been made that at a certain large plant of that type the percentage of 
fines amounted to about 35 per cent. of the output. 

Mr. Tornblad thought that the A.I.B. system of tipping, recharging 
and ignition involved a loss of valuable time, and he alleged as a reason 
for that opinion that the number of pans tipped per 24 hr. gave an 
average time of 10°5 min. between each pan, while the same operations 
according to the Greenawalt system took only 3 min. That comparison 
also was not correct, for several reasons. The calculated average time 
for the exchange of the pans depended upon the number of pans, and 
was reduced as soon as that number was increased. At the A.I.B. 
plant the operations mentioned were done independently of each other, 
so that one pan might be charged while another was transported and 
tipped and a third was ignited. The time for the exchange of the 
pans could, therefore, be reduced to 4 to 6 min., depending upon the 
size of the pans and the design of the plant. 

The operating time of 3 min. mentioned for a Greenawalt pan 
seemed to be exceptionally short for ordinary running, when the ignition 
alone of the large pans could take about the same time. Moreover, 
that time must be considered in conjunction with the time necessary 
for the removal of dust and the handling of the covering hood. When 
the pans were exchanged at Cardiff, only one-eighth of the plant was 
withdrawn from the sintering work proper, while at a Greenawalt 
plant with, for instance, 2 large pans, half of the plant was withdrawn 
from the sintering work during the corresponding operations; at a 
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Dwight-Lloyd plant there was always only about one-half of the pan 
area in position for sintering. 

With the A.I.B. system the stationary pan grates were easily 
accessible for cleaning, and the cleaning as well as the exchange of the 
grates could be carried out without any loss of time by putting in a 
spare pan when necessary. The cleaning and exchange of the grates 
of large Greenawalt pans could not be done without interrupting the 
working. In the later Greenawalt plants movable grates were used 
in order to reduce at least the loss of time on cleaning, but that was not 
without disadvantages. The difficulty lay in getting the large number 
of movable grate bars to operate ; in one case, for instance, that diffi- 
culty had caused the movable grates to be exchanged at once for 
stationary ones. The simple, stationary grates of the A.I.B. system 
were therefore much to be preferred. 

Mr. Tornblad’s misgivings as to the excessive pressure upon the 
charge when charging had not been borne out. By a suitable con- 
struction and arrangement of the charging bin the pressure could be 
regulated according to the character of the raw material. 

The open ignition apparatus used with the A.I.B. system had the 
great advantage over the closed hood that the charge was quickly 
ignited all over. It could, where necessary, be constructed for ignition 
with gas. 

Mr. Tornblad thought that the use of an overhead crane for the 
transport of the pans involved a danger of breakage. Practice proved 
the contrary ; such a crane had now been in operation for nearly 
three years at the A.I.B. plant in Oskarshamn without any accident 
or breakage having occurred. 


This paper was also presented at the Additional Meeting held at 
Glasgow on May 9, 1929. 


Mr. Mann (Glasgow) asked if any attempt had been made to make 
the process continuous by sintering on a continuous conveyor instead 
of in pans. He could foresee difficulty there in getting sufficient heat 
for the initial firing of the charge, but he thought that perhaps the 
attempt had been made. ‘ 


The Cuarrman (Mr. R. Hamilton) referred to the last paragraph on 
p. 89: “The result of separating out the fine ores by screening and 
sintering at the Cardiff Works has been the attainment of a consis- 
tently higher output, and coke consumption has been reduced by about 
1 cwt., the amount of sinter used varying from 16 to 25 per cent. of the 
ore burden. In addition to separating out the fines, the lumpy ore 
and limestone are crushed toa uniform size.” It had occurred to him 
on reading that passage that some of the saving might have been due 
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to the preparation and crushing of the ores and limestone to a uniform 
size. He could see that if the sintering were just an adjunct the thing 
of real importance was the preparation of the materials to a uniform 
size, and it might possibly be said that the saving was not really due to 
the sintering but to the preparing of the materials. 


Mr. Smvons replied that the ore-crushing plant had been installed 
in Cardiff for some years, and the crushing of the ores and limestone 
had considerably helped to increase the make of the blast-furnaces. 
Previous to the erection of the sinter plant the fines went into the blast- 
furnace together with the rough ore. It was not until the fines were 
screened out and sintered that the results mentioned were obtained. 


CORRESPONDENCHE. 


Mr. H. J. Busn (London) wrote: The description of the A.I.B. 
sintering plant at Cardiff is strangely reminiscent of the accounts 
published some eighteen to twenty years ago of the sintering of fine 
iron ores in Huntington-Heberlein pots or converters. On comparing 
the Cardiff pots with installations erected many years ago on the 
Continent and in America, one finds much the same basic design so 
far as the pots are concerned, and the manner of lifting each pot with 
its charge and dumping it outside the building. Both the downward 
and upward draught were practised in the Huntington-Heberlein pots, 
and grids of many shapes and sizes were used. The method of charging 
the pot and igniting, adapted from the Greenawalt system, is certainly 
an improvement, but there still remain the numerous and intermittent 
manipulations of the small pot, with the attendant high labour and 
maintenance costs. 

With the advent of the straight-line continuously working Dwight- 
- Lloyd machine, the sintering of iron ore in small unit pots fell into 
disuse, and it is a little difficult to appreciate where the advantage 
lies in the “new” A.I.B. system used at Cardiff, especially as no 
figures are forthcoming concerning either the capital cost or the working 
costs. 

It takes eight A.I.B. pots, with a total of 450 sq. ft. of grate area 
to turn out 218 tons of sinter in 24 hr., and the ground-space occupied 
is approximately 69 ft. by 38 ft. A Dwight-Lloyd machine would 
do the same tonnage on 140 sq. ft. of grate area, and would not occupy 
more space. The machine would be a single unit requiring three men 
in attendance, the power consumption would be 15 to 16 kw.-hr. per 
ton of sinter, and, above all, the operation would be continuous with 
a resultant uniformity of product. Neither would it be necessary to 
side-step the dust nuisance by excursions into the yard, 
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The path of progress in the sintering of fine ores will not, in the 
opinion of the writer, be found to lie in a multiplicity of small units, 
but rather in large units working on a continuous system; though 
whether such units in Great Britain will ever reach the outputs of the 
largest Continental machines making 800 tons of sinter per machine 
per day, is perhaps debatable, unless sintering is undertaken on a more 
or less co-operative basis at suitably selected distributing centres. 

It would have added to the interest of the paper if the author had 
given a little more information concerning actual expenditure per ton 
of sinter in man-hours, upkeep, and power. 


Mr. Stmons wrote in reply: The pan filling arrangement of the 
A.I.B. sinter plant is not copied from the Greenawalt system. A con- 
tinuous system of sintering makes inferior sinter to that made in a 
stationary pan. Some years ago a sinter plant working on a con- 
tinuous system was installed at Cardiff, but it was most unsatisfactory. 
The cost was excessive, the sinter made was of very poor quality, and 
the plant was eventually scrapped, an A.I.B. plant being installed. 

Whether large or small sinter plant units are built is entirely a 
question of economics, and is irrelevant to the merits of the different 
systems of sintering. Some very large A.I.B. plants have been and 
are at present being built. Consequently if large centralised sinter 
plants were built there is no reason why the A.I.B. system could not — 
be adopted. 

Mr. Bush thinks that the path of progress in sintering will be found 
to lie in large units working on a continuous system, and recommends, 
therefore, large co-operative plants. This may seem a desirable 
development, but it is unfortunately not so easy to attain. The first 
reason is that by no means all raw materials can be sintered to advantage 
in the continuously working sintering machines used up to now. The 
principal difficulty of the continuously working systems is that it is 
difficult to effect a practical and economical regulation of the vacuum 
and of the air volume for several pans coupled to the same fan when 
they are in different stages of sintering. When difficultly sintered - 
raw materials are treated, the percentage of fines and the consump- 
tion of fuel, therefore, become high, and also the sinter often becomes 
very fine-grained. . 

In a screening test made in Germany, with sinter sent in railway 
wagons direct from a large Dwight-Lloyd plant to the blast-furnace, 
the sinter was found to have the following sizes : 


% 
Above 10 mm. . : ; 5 - 27°8 
Between 10 and 5 mm. 32-5 
Between 5 and 1 mm. ee 


Below 1 mm. 


In another screening test, also made in Germany, with sinter which — 
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had been exported to Germany from the A.I.B. plant at Oskarshamn, 
Sweden, the following considerably better results were obtained : 


% 


Above 12mm. . : , a ee : ‘ : 64-00 
Between 12 and 1 mm. , 3 - 5 : OOD) 
Below 1mm. . : £ , 4 2 F . 3°45 


The last-mentioned sinter had been reloaded three times by means 
of a grab before being screened. 

In both cases the raw material was purple ore of about the same 
character. The cost of production per ton of sinter is lower for the 
Swedish sinter, even though the A.I.B. plant mentioned uses 8 sintering 
pans with a diameter of only 6 ft. 7 in. and produces 154 tons per 24 hr., 
whilst the Dwight-Lloyd plant in question produces about 600 tons 
per 24 hr. Even if these figures cannot be taken as a standard when 
comparing these two systems, they show clearly enough that when 
comparing different systems the quality of the sinter must not be 
overlooked. On account of the high installation costs the Dwight- 
Lloyd plants must be built for a comparatively large output in order 
to be economical. 

Although it has not long been on the market, the A.I.B. system has 
already been employed for three plants, one of which is for a production 
of 600 tons per 24 hr.; in addition, three more plants are now being 
built, and will be started within the next months. With pans 8 to 
10 ft. in diam. the system can be used for very large plants. 
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THE EROSION OF GUNS.* 


By R. H. GREAVES, M.B.E., D.Sc., F.1.C.; H. H. ABRAM, M.Sc., F.Insv.P. ; 
AND S. H. REES, M.Sc. 


(ResparcH DEPARTMENT, Woornwic#). 


SUMMARY. 


Owing to the extreme severity of the conditions to which the bore 
of a gun is exposed, some material is removed from its surface at each 
round. Krosion steadily enlarges the front slope of the chamber and 
the bore forward of that position, the effect being a maximum near the 
commencement of rifling, diminishing through the first three or four 
calibres of the rifling and becoming unimportant as the muzzle of the 
gun is reached. At any position, the material of the lands is removed 
about twice as fast as that of the grooves. Characteristics of the bore 
of a fired gun include a hardened (martensitic) skin due to heating of 
the surface layer followed by very rapid cooling by conduction, and a 
network of surface cracks due to stresses set up by the alternate heating 
and cooling. These effects, however, do not appear to be determinant 
factors in erosion, which is due to the melting and washing away of a 
thin surface layer at each round by the sweep of highly heated gas 
following the projectile. Hrosion increases with increasing calorific 
value of the propellant, and with increasing pressure and velocity of 
the gas. Thus, although the erosion is most intense near the com- 
mencement of rifling, it must have occurred when the projectile had 
travelled beyond that position. Simple gas erosion, such as occurs in 
erosion vents, is accordingly regarded as the main factor in the wear of 
big guns. Erosion vent experiments show the relative erodibility of 
different steels and non-ferrous metals, and illustrate the paramount 
importance of the melting point, though other properties, such as 
latent heat of fusion and thermal conductivity, exercise some influence. 
Pure iron is slightly less erodible than any steel. The relative erosive 
power of different propellants is dependent on their calorific values ; 
a reduction in calorific value of 25 per cent. below that of cordite M.D. 
approximately halves the amount of erosion as measured by erosion 
vent experiments. 


* Communication from the Research Department, Woolwich, received 
November 23, 1928. 
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Frictional wear by the projectile is a factor which must be taken into 
account in considering the life of a gun. Its effect is greatest in small 
arms; it is of some consequence also in guns of small and medium 
calibre, but it rapidly diminishes in importance, in proportion to erosion 
by gas action only, as the calibre increases. 

Scoring (if it occurs) begins later in the life of a gun, and is rapid, 
irregular, and highly localised. After general erosion, or some abnormal 
expansion, has produced a certain enlargement of the bore, scoring 
may set in as a result of the escape of gas past the driving band—the 
grooves, in this instance, being first attacked and the effect spreading 
laterally to the lands. It is somewhat rare in big guns, but more 
frequent in small and medium calibre guns, especially in quick-firing 
guns firing fixed ammunition, in which efficient obturation by the 
driving band cannot be secured by ramming. 

The more uniform erosion, which precedes scoring in small guns 
and which is characteristic of big guns throughout their life, is due to 
the melting and sweeping forward of a thin layer of the bore surface. 
For this there is no metaliurgical remedy. The use of a cooler pro- 
pellant and a careful design of the chamber afford the only practicable 
means of reducing erosion. 


GuN erosion has been studied by a large number of investi- 
gators, prominent among whom have been Noble and Abel in 
Kngland, Hugoniot and Vieille in France, and Tschernoff in 
Russia. Reference to their work is made in the bibliography 
appended to this paper. The problem has been approached from 
many directions—by the chemist interested in propellants, by the 
metallurgist dealing with the materials of construction of the gun, 
and by the ballistician who is concerned with its accuracy and 
efficiency as a weapon. In the present paper the metallurgical 
aspect of the question is considered. 


EXAMINATION OF Worn Gung. 


Krosion is a general term applied to the removal of metal 
from the bore of a gun by the action of the propellant gases. The 
mechanism of erosion was investigated in the Research Depart- 
ment, Woolwich, many years ago, mainly by Captain (now Colonel) 
H. G. Howorth, R.A.,“ in 1910. Examination of euns worn 
out in service has been continued from time to time since his 
Report was issued. 


An examination of the bore of any gun which has fired 
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modern smokeless propellants reveals two characteristics of the 
surface : 


(1) A very hard thin skin. 
(2) A network of surface cracks a few hundredths of an inch 
in depth. 


Character of the Hardened Skin. 


In sections cut normally to the surface of the bore, the hardened 
skin is usually shown under the microscope as a white band, 
which on deeper etching reveals the structure of martensite 
(Figs. 1 to 7, Plates VI. to VIII.). It increases in thickness from 
muzzle to commencement of rifling, and continues through the 
chamber. At any given point along the gun the skin is usually 
thickest at the top of the driving edge of the land. The larger 
the calibre of the gun, the thicker is the hardened skin at 
corresponding positions. 

The approximate average depths of hardened skins, observed 
in guns of various calibres which have fired cordite M.D., are : 


Calibre. ee ae. At Muzzle. 
| In. In. 
16-in. 0-016 0-006 
15-in. 0-011 0-004 
12-in. | 0-009 0-003 
6-in. | 0-005 0-001 
3-3-in. (18-pdr.) 0-0025 Trace 
0 -303-in. rifle 0-0008 Trace 


A hardened skin is also found on steel crusher gauges (Figs. 8 
and 9, Plate VIII.), on the base of proof shot or shell of large calibre 
(Figs. 10 to 18, Plates VIII. and IX.), and in fact on any steel 
surface on which the propellant gas has acted for a sufficient time. 
The presence and depth of the hardened skin produced by con- 
tact with propellant gases depend not only on the time of contact 
_ of the steel with the gas, but also largely on the speed of flow of the 
gas over the surface. The more rapid the stream of gas, the more 
heat can be supplied to the steel in a given time. The presence 
of a hardened skin may thus be a useful indication of the action - 
of gas, though its absence is not proof of absence of gas action. 
It should be noted, moreover, that a similar skin can be produced 
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by friction unaided by gas-washing, as in groove marks on fired 
projectiles, at the corners of the ribs of rifled shell (Hig. 14), and 
on the surfaces of steel rails,* of heavily braked railway tyres, 
of wire rope subject to friction on a pulley,t and of ball-bearings 
which have been allowed to run dry. 

The thickening of the hardened skin on the driving edge of 
the lands is caused by additional heating due to friction at this 
position. 

The conditions producing a hardened skin of the type found 
in guns are an extremely rapid and short heating of the surface 
of the steel to a temperature well above the critical range. The 
structural change in the steel is due to solution of carbide in the 
iron throughout a layer near the surface which reaches a sufficiently 
high temperature, and the subsequent rapid cooling of this layer 
by conduction of heat to the cold steel beneath. By striking a 
momentary are from a steel pencil on to the surface of a block of 
steel, a small saucer-shaped patch of skin is produced (Fig. 15), 
which is precisely similar to the skin formed in the inner tube 
of a gun. 

The formation and character of the hardened skin were studied 
by placing cylinders of a 0-8 per cent. carbon steel in the chamber 
of a 15-in. gun during firing. In this steel, which consists almost 
wholly of pearlite, the mutual solution of ferrite and cementite 
is more rapid than in steels with a ferrite network. Gylinders 
were examined after 1,5,and 10 rounds (Figs. 17 to 19, Plate X.). 
The maximum thickness of hardened skin after 1 round was 
0- 0087 in., after 5 rounds 0-0114 in., and after 10 rounds 0- 0118 in. 
The skin thus attains practically its full depth before 5 rounds 
have been fired. It consists of coarse martensite at the outside, 
followed by fine martensite, troostite, ferrite and troostite, then 
passing through a narrow sorbitic region to the original structure 
of the steel (Fig. 20). The maximum Brinell hardness, measured 


* A hardened skin was found on the St. Neots rail (see Board of 
on “‘ The Loss of Strength in Steel Rails through Use nearer ee Mie 
graphs of this skin were published by J. E. Stead, Proceedings of the Institution 
of Mechanical Engineers, 1899, p. 77, and by W. H. Merrett, ibid., 1904 p. 140 
Several illustrations of the hardened skin on steel rails have. appeared : a 
recent example is contained in a paper on “‘ The Investigation of Failures va by 
J. W. Bampfylde, Journal of the Photomicrographic Society, 1927, vol. xiv. p. 23 

+ H. Brearley, Metallurgist, 1925, vol. i. Palis2s : ; i Baa 


E. A. Atkins, Journal ; 
Fie’ 45. ins, Journal of the Iron and Steel Institute, 1927, No. I. p. 443, 
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with a 1-mm. ball and 380-kg. load, was 547, the hardness of the 
original steel being 209. 


Character of the Network of Fissures. 


The surface of the bore of a gun at an early stage in its life 
becomes covered with a network of fissures. In the chamber 
the network is. fairly uniform, in the rifled portion the more pro- 
nounced cracks are longitudinal in the grooves and transverse on 
the lands (Figs. 21 and 22, Plates XI. and XII.). The deepest 
erack is usually that which runs longitudinally in the driving 
angle of the groove. 

Consideration has been given to the causes of the cracking 
of the skin by Tschernoff,®” Okochi,@* and others, who expressed 
the opinion that it 1s due to the thermal contraction and critical 
volume changes which occur on cooling. These volume changes 
give rise to a network of cracks such as are found in the chamber. 
In the grooves the longitudinal cracks are rendered more prominent 
by the forward motion of the gases. On the lands, where some 
relief of stress can occur laterally, but not longitudinally, the 
transverse cracks predominate. 

According to this theory, a hardened skin is necessary to the 
formation of fissures, but later experiments show that surface 
cracking of an intercrystalline character may occur under the 
action of the hot gases in metals which will not harden on 
quenching, There is no reason to suppose that the elimina- 
tion of the formation of a hardened skin would prevent surface 
cracking or diminish erosion. 

Examination of surface cracking is facilitated by pickling the 
sectioned gun tube in 20 per cent. sulphuric acid at about 80° C. 
This treatment exaggerates the size of the cracks, but reveals 
their character and arrangement very clearly (Figs. 28 and 26, 
Plates XIII. and XIV.). The appearance of the surface of the bore 
of a worn 15-in. gun at one calibre forward of the commencement 
of rifling is shown in Fig. 30 (Plate XVI). 


Rate of Removal of Steel by Erosion. 


The characteristic appearances described above are accom- 
paniments of erosion. The actual surface of the bore exposed to 
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the propellant gases is constantly changing as erosion proceeds, 
and is different at every round. Erosion steadily enlarges the 
front slope of the chamber and the bore forward of that position. 
The maximum erosion occurs at the commencement of rifling, 
and diminishes in the direction of the muzzle. Measurements 
made on 6-in., 9+ 2-in., and 12-in. guns indicate that loss of material 
from the lands occurs at about twice the rate as from the grooves. 
The life of a gun is determined by the depth of steel which 
may be removed before the gun becomes too inaccurate to use. 
It is sometimes still further shortened by the occurrence of severe 
localised erosion or “ scoring.” Scoring, however, is compara- 
tively rare in well-designed high-power guns; it is most pro- 
nounced in small quick-firmg guns firing fixed ammunition. 


Scoring. 


Scoring is the irregular eating away of the surface of the bore 
in holes and gutters (Figs. 24 to 26, Plates XIII. and XIV.). It is, 
as a rule, confined to the first few calibres length of the bore 
forward of the commencement of rifling. Maximum scoring 
occurs at about 6 in. forward of the commencement of rifling in 
18-pdr. guns, and at about 1 ft. forward of the commencement 
of rifling in 6-in. guns. 

It may be due in part to the motion of the gas behind the 
projectile—that is, to currents in the propellant gases set up by 
their passage from the chamber to the bore, with accompanying 
reduction of the cross-sectional area of the stream. This would 
explain the position of maximum scoring, but would not satis- 
factorily account for the fact that maximum scoring is almost 
invariably at the “up” position *; nor would it account for the 
fact that in many instances the lands are well preserved after the 
scoring in the grooves has becomeverymarked (Fig. 27, Plate XIV.). 
It seems probable, therefore, that scoring begins (if it occurs at 
all) after some general enlargement of the bore has already taken 
place, and is due, at least in part, to gas-washing produced by 


* P. Charbonnier (6) (loc. cit., p. 114) states that the osition of i 
one the ch 
the lower part of the chamber sufficiently explains the tee ertensieaetians 
lower part of the bore compared with the upper parts ; but this ceases to apply 
when the diameter of the chamber approximates to that of the bore. 


ee 
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the escape of propellant gases past the driving band during the 
initial stages of motion of the projectile. 

Escape of Gas through Holes Drilled in the Shot—It has been 
suggested by Vieille °” that not only is scoring due to escape of 
gas past the driving band, but that normal erosion is algo due to 
such escape through the minute channels existing in the cracked 
surface layer. It is a matter of importance to determine the 
minimum size of orifice through which gas can pass without 
undergoing sufficient cooling to render it inactive as an erosive 
agent. ‘l'wo 18-pdr. proof shot were drilled longitudinally, one 
with a central axial hole 0-5 in. in diam., and the other with four 
holes each 0-25 in. in diam., spaced symmetrically relative to the 
axis of the shot and to each other. The two shot were then fired 
under the normal conditions adopted for solid 18-pdr. proof shot, 
with the following results : 


diss | Muzzle Maximum 
Weight Velocity. Pressure. 


18-pdr. Proof Shot. 
Ft, per sec. |Tons per sq. in. 


of Projectile. 


Solid F : ieee 1677 13-65 


Drilled with hole 0-5 in.indiam. .| 18 14 1602 12-35 
Drilled with 4 holes 0:25 in. indiam. . 18 13 1607 12-65 


There was thus a decrease in recorded pressures and muzzle 
velocities relative to those obtained for solid shot. 

The fired shot were sectioned. Microscopical examination of 
the metal in the neighbourhood of the holes showed the presence 
of a hardened, slowly etching surface layer. The structure at 
a position near the nose of the shot drilled with four holes is 
shown in Fig. 16 (Plate IX.). The depth of this hardened skin 
appeared to be constant throughout the length of the shot, and 
was 0-0034 in. for each shot. Brinell hardness measurements 
made with a 1-mm. ball and 30-kg. load on the bore surface of 
the drilled holes gave 341 in comparison with 220, the normal 
hardness of the material of the proof shot. 

The presence and character of this hardened skin are con- 
clusive evidence that propellant gases had issued through the 
drilled hole during the firing of these shot. 

It was thought desirable to employ a smaller orifice, but a 
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hole much less than 0-25 in. in diam. could not be bored through 
the full length of a proof shot. Two 18-pdr. proof shot were 
therefore drilled with axial holes 0-5 in. in diam. The forward 
end of these holes was then fitted with a plug of annealed 0-8 per 
cent. carbon steel. This steel (the same type as was used for the 
cylinders subjected to chamber conditions during firmg) was 
chosen because it is sensitive to the formation of a hardened skin 
and has poor resistance to erosion. The plug in one shot was 
drilled with an axial hole 2 mm. in diam., while the other was 
drilled longitudinally with 4 holes each 2 mm. in diam. : 


Muzzle Maximum 
Velocity. Pressure. 
Ft. per sec. |Tons per sq. in. 


Weight 


18-pdr. Proof Shot. of Projectile. 


Lb. oz. 
| Solid shot : ; : ; : 18 8 1672 13-40 
| Shot fitted with plug with | hole, 2 mm. 
| _ in diam, : : : : : 18 4 1668 13-35 
| Shot fitted with plug with 4 holes, 2mm. 
| in diam. : : ; : , Is) 3s 1659 13-45 


There was thus no diminution in maximum pressure, and 
only a slight loss in muzzle velocity. 

The plugs were weighed before and after the proof shot had 
been fired ; the loss of weight on firmg was 0-180 grm. for the 
plug containing one hole, and 0-288 grm. for that with 4 holes. 
As the plugs suffered some slight abrasion in the sand bay, these 
figures may be rather too high, but evidence of the passage of 
propellant gases through the plugs was afforded by the fact that 
along all the holes there was a slowly etching hardened layer, 
which appeared to be of a constant depth of 0-0022 in. through- 
out the length of the plugs. 

Escape of Gas past the Drwing Band.—In order to ascertain 
whether there had been any escape of gas past the driving band, 
the surface of the shot was examined by etching, but there was 
no trace of a hardened skin due to gas-washing. Thus, these 
experiments, while they show that gas passes through a 2-mm. 
orifice in the proof shot at some time during its passage down the 
bore, fail to indicate (in the case of a new 18-pdr. gun, at least) 
that there is any escape of propellant gases past the driving band 
during the initial stages of motion. Some 4-in. proof shot fired 
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PLATE VI. 


Fic. 1.——Hardened skin in 16-in. gun tube (nickel steel). 100. 


rtensitic skin compared with general structure in 15-in. gun tube (nickel-chromium steel). 
Fic. 2.—Tangential to bore. x 1000. Fic. 3.—0:1 in. below surface. x 1000. 
(To face p. 120. 
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Fic. 4.—On groove, showing a troostitic layer below the skin. X 100. 


Fic. 5.—On land. %X 100. Fic. 6.—Martensitic structure of the 
skin shown in Fig. 5. x 1000. 


Hardened skin in 15-in. gun tube (nickel-chromium steel) at 54 in. forward of 
commencement of rifling. 


FIG. COU land of 6-in. gun tube at Fic. 8.—On outside of crusher gauge. 
85 in. forward of commencement <2 
of rifling. 100. 


Fic. 9.—On bore of crusher gauge. FiG. 10.—On base of 8-in. proof 
X10. shot. X100. 


Structure of hardened skins. 


PLATE IX. 


Fic. 11.—On base of 16-in. proof shot Fic. 12.—On centre of base. X 100. 
(oblique section). 500. 


Fic. 13.—On side of base. 100. Fic. 14.—On rifled portion. X 100. 
Figs. 12 to 14 are sections of a 210-mm. rifled shell fired from a German long- 
range gun. 
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Fic. 16.—At forward end of hole 
arc. 100. drilled through 18-pdr. proof 
Hayoxr, — 6 DEO). 
Structure of hardened skins. 


PLATE X. 


Fic. 17.—After 1 round. %X100. 


Fic. 20.—After 5 rounds. 1000. 
(Reduced to four-sevenths in reproduction.) 


Fic. 19.—After 10 rounds. 100. 
nder of 0’8 per cent. carbon steel placed in t 
a 15-in. gun during firing. 


Structure of the surface of a cyli he chamber of 
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Fic. 21.—Surface cracking in the groove of a 16-in. gun at 27 ft. 
forward of the commencement of rifling. x50. 
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Fic. 22.—Surface cracking in the land of a 16-in. gun at 27 ft. forward 
of the commencement of rifling. 50. 
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<Muzzle. 


<50 in. from 
muzzzle. 


<130 in. from 


muzzle. 


<At commence- 
ment of rifling. 
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Fic. 23.—Sections from 60-pdr. gun tube, pickled in 
20 per cent. sulphuric acid at 80°C., showing surface 
cracking. (Two-thirds actual size.) 


Fig. 24.—Inner tube of 6-in. howitzer (No. 2083, nickel-cbromium steel) which 


had fired 1,846 rounds with cordite M.D., showing scoring. 


‘ (One-quarter 
actual size.) 
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Fic. 25.—Scoring in 6-in. Mark VII. gun tube. (Two-thirds actual size.) 


Fic. 26.—Section through the specimen shown in Fig. 25, after pickling in 20 per cent. 
sulphuric acid. 


Fic. 27.—Scoring in 18-pdr. gun tube; maximum effect 6 in. forward of commence- 
ment of rifling. (Two-thirds actual size.) 


Fic. 28.—Illustration of the 
wedge action of copper from 
the driving band in enlarg- 
ing a crack in a carbon 
steel gun tube. X50. 


Cracks in gun tubes. 
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Fic. 29.—Crack in 15-in. gun tube 
of temper-brittle nickel-chromium 
steel. 100. 


(Reduced to four-sevenths in reproduction.) 


PLATE XVI. 


After pickling in 20 per cent. sulphuric acid at 80°C. 


Fic. 30.—15-in. tube near commence- FIG. 31.—60-pdr. chamber. (Carbon 
ment of rifling. (Nickel-chromium steel.) X0O'8. 
steel.) X06. 


Fic. 32.—6-in. chamber. X2. Fic. 33.—On non-driving edge of land 
of 6-in. howitzer. X2. 


Fig. 34.—60-pdr. chamber. x2. Fic. 35.— in. from section shown in 
Rigs 34.. <2: 


Cracks in gun tubes. 
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in a worn 4-in. Mark V* gun (mean wear at 1 in. from commence- 
ment of rifling, 0-039 in.) were examined. One of these showed 
a hardened skin (maximum thickness, 0-0010 in.) produced by 
gas-washing forward of the driving band. The driving band 
itself showed some signs of gas-washing. Four other shot fired 
in the same gun showed no hardened skin on the side of the shot. 
It seems, therefore, that the formation of a hardened skin, in- 
dicating gas-washing, on the projectile forward of the driving 
band is not a necessary consequence of the worn condition of the 
bore (except possibly when scoring is already very pronounced), 
but is fortuitous and due to occasional faulty ramming or bad 
centring of the projectile in the gun. In a worn quick-firmg gun 
firing fixed ammunition, however, the same efficiency of obturation 
could not be obtained. 


Cracked Tubes. 


The examination of a number of split inner “A” tubes of 
12-in. Mark VIII. guns led Howorth “? to the conclusion that 
the cracking was due to an extension of the system of surface 
cracks, especially those at the driving angle of the grooves, which 
under certain conditions might spread very rapidly in carbon gun 
steels. The spread of such cracks might be accelerated by the 
wedge action of copper derived from the drivmg band acting in 
the mannerillustrated in Fig. 28 (Plate XV.). This effect has been 
fully described by Howe.” 

Since that time several inner “A” tubes of 60-pdr. and 6-in. 
guns which have cracked right through have been examined 


(Fig. 31, Plate XVI.). Examination of the chambers of four 
 60-pdr. and three 6-in. guns which showed cracks penetrating 


through the wall at the “ up” position indicated that these cracks 
had developed from deep longitudinal fissures in the network of 
surface cracks produced by firing (Figs. 82 to 35, Plate XVI.). 
Many small cracks penetrate the wall of the tubes by a path — 
deviating from the normal, and adjacent cracks tend to meet. 
When two fissures meet in this way, a piece of steel being almost 
surrounded by cracks becomes loose, and is easily removed by 
the action of the gases. Owing to gas-washing, the cavity so 
produced becomes longer and deeper, but the spread of the crack 
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continues until it penetrates through the wall, or until the thick- 
ness of the wall of the tube becomes reduced to such an extent 
that it is unable to withstand the firing stresses and fracture 
ensues. Gases had penetrated through the open cracks of most 
of the tubes, and the effects of gas-washing were evident on the 
outside, which had been in contact with the “A” tube; but 
there was evidence of the cracks being completed by fracture 
with no signs of gas-washing, the effect of which, however, would 
probably have appeared at a later stage. 

Every instance of cracking through the wall thickness of the 
chambers of guns brought to the notice of the Research Depart- 
ment, Woolwich, and nearly every instance of cracking in the 
bore, has occurred in carbon steel tubes, and the defect may 
therefore be regarded as a thing of the past. With the exception 
of one or two early examples of cracking in inner tubes of temper- 
brittle nickel-chromium steel, no alloy steel tube has shown this 
defect. 

An example of a crack in a nickel-chromium steel tube with 
an Izod impact figure of 7 ft.-lb. is illustrated in Fig. 29 (Plate XV.) ; 
this is of interest in showing the apparently intercrystalline 
character of the crack in temper-brittle steel. 


Eaanunation of Guns Worn Out with Cordite M.D. 
and with N.C.T. 


Useful information has been gained by the examination of 
worn-out tubes from guns which had fired different propellants. 
The original cordite (Mark I.), consisting of 58 per cent. nitro- 
glycerine, 37 per cent. nitro-cellulose, and 5 per cent. mineral 
jelly, caused serious erosion in 4-7-in. and similar guns, and it 
eroded large high-velocity guns with such rapidity that the use 
of a cooler propellant became imperative. This led to the work 
of Sir Andrew Noble and others on the effect of varying the 
proportions of nitro-glycerine and gun-cotton, and eventually 
to the introduction of cordite M.D., in which the nitro-glycerine 
was reduced from 58 to 80 per cent. 

The change from cordite Mark I. (calorific value, 1150 cal.) to 
cordite M.D. (950 cal.) trebled the life of big guns. Similarly 
the use of nitro-cellulose (810 cal.) in place of cordite M.D. leads 
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to increased life. In order to compare the effect of different 
propellants on the surface of the steel, the following worn-out 
guns were selected for examination : 


Number and Nature of Rounds Fired. 
Equivalent Full Rounds. | 


Cordite M.D. N.O.T. 

4-5-in. howitzer, No. 878 . é ; | 7 at proof 8832 
Fe % No. 2342 . ‘ Eee 5759 None 
6-in. 26-cwt. howitzer, No. 1542 . ‘i 7 at proof 9558 
5 on 5 No. 2083 . ‘ 1846 None 


The 4-5-in. howitzer. tubes were of nickel steel, and those of 
the 6-in. howitzers of nickel-chromium steel. The relative lives 
of the two 6-in. howitzers show an abnormally high ratio in 
favour of N.C.T., as scoring had set in rather early in the life 
of howitzer No. 2083. The ratio is usually under 2. 

The examination indicated that there was no characteristic 
difference in the type of crack produced by either propellant. 
The cracks in all instances were sharp at the bottom. Their 
maximum depth was about 0-05 in. in the tubes worn out with 
N.C.T., and 0-03 in. in those worn out with cordite, the apparent 
depth of the crack being reduced by the more rapid erosion of 
the surface of the tubes worn out with cordite. The latter tubes 
showed more local erosion and scoring, this effect being very 
pronounced in 6-in. howitzer No. 2083 (Fig. 24, Plate XIII). 

The character of the hardened skins and of the surface crack- 


ing was the same in each case, the difference between cordite 


and N.C.T. being confined to the more rapid removal of steel 
from the surface by cordite. 


Examination of Guns Worn Out, Lubricated and 
Non-Lubricated. 


A comparative examination was made of two 60-pdr. guns, 
each of which had fired about 4500 equivalent full charges of 
cordite M.D. One had been lubricated with wool-grease through- 
out the last two-thirds of its life, and the other had been worn 
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out dry. The main differences observed were a slightly greater 
maximum depth of scoring in the non-lubricated gun, and rather 
more coppering in the lubricated gun. The character of the 
surface cracking was almost identical at similar positions through- 
out the tubes. It appears that lubrication is without influence 
on the character of the hardened skin and the surface cracking 
which accompany erosion. Its action may be, rather, to preserve 
uniformity of erosion and so avoid deep scoring, though the 
examples examined do not lead to the conclusion that deep scoring 
can be eliminated by the use of lubricants. It is possible, how- 
ever, that the scoring observed in the lubricated tube had com- 
menced during the first one-third of its life before lubrication 
was introduced. 


Erosion Vent ExpERIMENTS. 
Previous Work. 


Since the action of the hot gases from the propellant is the 
principal factor governing the extent of erosion, it ig natural 
that their effect should long ago have been studied by measure- 
ments of loss of weight of vents through which the hot products 
of combustion of the propellant had been passed. Such experi- 
ments were made by Sir Andrew Noble in 1882-85, and since then 
by many other investigators.* The 1885 experiments were carried 
out with black powder only. Sir Andrew Noble concluded that 
the milder the steel the less the erosion. To confirm this, the 
Superintendent of the Royal Gun Factory, Woolwich,” employed 
a 4-in. gun bored out and fitted with erosion tubes of steels con- 
taining from 0-16 to 1-14 per cent. of carbon, but the results 
were inconclusive. The experiments were continued by actual 
trials in guns with steels containing 0-31 to 0-35 per cent. of 
carbon and 0-8 per cent. of manganese. The conclusion arrived 
at appears to have been that resistance to erosion varies with 
the amount of work put on the steel, and that by forging the 
resistance of steel to erosion was raised. The trial was continued 
on similar lines with steels containing 0-24 to 0:31 per cent. of 
carbon and 0-55 to 0-58 per cent. of manganese. The best steel 


* Vieille,G5) Siwy,@9) Bethlehem Steelworks, Indian Head Naval Provi 
Ground, see Yarnell,(39) Harle,(13) and Zimmermann.(40) tilinea ck 
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of this series had the lowest carbon, the lowest manganese, and 
also showed very marked fibrous structure. Noble, however, 
found in further vent trials that the amount of work put on the 
steel of the vents made no difference to the amount of erosion. 
Tn later trials of steels containing 0-45 to 0-55 per cent. of carbon 
the Superintendent of the Royal Gun Factory concluded that 
oil-hardening had no beneficial effect, having found an untreated 
barrel to be slightly but unmistakably better than one of the 
same steel oil-hardened. 

Later experiments carried out in experimental erosion barrels 
with cordite M.D. 44 placed steels in the following order of merit: 


Chemical Composition. 
Order. | 
Carbon. Manganese. Nickel. Chromium. Molybdenum. 
% % Yo Yo Zo 
1 0:35 0-62 poe 
(2 0-52 0-82 cf 
12 eq 0-37 0-82 3-15 > ~ 
3 0-32 0:27 me ihoaszt 1-60 
4 0-31 0-65 5-96 Sop 508 
5 0-31 0-46 3°7 1-85 
| a 


In 1905 A. Mallock °” reported results of erosion vent experi- 
ments in which he employed a conical vent (Fig. 36) fitted to 


‘Lin. 1% 2 in. 
Cas po 
feo tr re eee 7 in. = 25 nan nem nc enenaeter sh 


Fig. 36.—Erosion Vent used by Mallock. 


a closed vessel. He found that erosion was very small, in the cir- 
cumstances of his test, up to a charge of 4 oz. of cordite (pressure, 
3 tons per sq. in.), and then increased in direct ratio with an 
increase of charge and pressure (Fig. 87). Sir Andrew Noble,” 
in hig erosion vent experiments with different propellants, also 
found a linear relation between erosion and weight of charge 
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(and consequent pressure). With Mark I. cordite the straight 
line expressing the relation between erosion and density of loading 
passed through the origin, but with tubular nitro-cellulose erosion 
was practically nil up to a density of loading of 0-06 (pressure, 
8 tons per sq. in.), while with cordite and 40 per cent. water it 
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Fic. 37.—Relation between the Amount of 
Erosion and the Maximum Pressure 
(Mallock). 


was nil up to a density of loading of 0-18. Beyond these points 
erosion was nearly proportional to increase in weight of charge 
or increase in pressure (lig. 38).* 

An important series of experiments made by Sir Andrew 
Noble, illustrating the influence of the calorific power of pro- 
pellants, was that i which equal charges of cordites of different 


* A. Noble, Philosophical Transactions, 1905, [A 1 — 
(Plate XIII), 5, [A], vol. cev. pp. 201-236 
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compositions were fired through erosion vents. Passing from 
cordite with 10 per cent. of nitro-glycerine to that with 60 per 
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Fig. 38.—Relation between the Amount of Erosion and the Maximum 
Pressure (Noble). 


cent., he found that the heat generated had increased by 
60 per cent., but the erosion was greater by nearly 500 per cent. 

In 1909, erosion vent tests were made on three heat-treated 
steels of the following compositions : 


Carbon Steel. Nickel Steel. Tungsten Steel. 
Carbon, percent. . : 0-29 0-39 0-61 
Manganese, ,, ; ; 0:83 0-63 0:27 
Nickel, 5 : ‘ set 3°68 A. 
Tungsten, an 5 3 oa ses 4-76 
| 


The tungsten steel was inferior to nickel or carbon gun steel 
in resisting erosion. The carbon steel was better than the nickel 
steel, thus confirming previous results. 
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The Ordnance Board in 1910 summarised the existing evidence, 
and concluded that ‘the nature of the powder does not, so far 
as is known, affect the relative resistance of the various alloys 
of iron to erosion ; up to the present, experience has shown that, 
ceteris paribus, the purer the metal the less it erodes, therefore 
large percentages of carbon and addition of nickel, chromium, &c., 
lessen resistance to erosion.” 

It is of interest to note that Brearley discovered stainless 
steel in the course of an extensive research on the resistance to 
erosion of various steels in reference to their use for rifles and 
naval guns.* There is, however, no record of any trials having 
been made with this steel in guns, though its experimental use 
in machine-gun barrels is referred to later. 


The Present Series of Erosion Vent Kxperiments. 


The experiments described in this Report differ from earlier 
series in that they were carried out on a wider selection of mate- 
rials, including steels and propellants only recently produced. 
The effect of several variations in the conditions of experiment 
has also been investigated. 

The apparatus used in these vent plug experiments is shown 
diagrammatically in Fig.39, A. Three firing vessels were used, the 
internal capacities being 27, 66, and 180 cu. in. respectively. They 
differed from the ordinary type of “‘ closed vessel ”’ only in having 
an additional breech-fitting in which the vent plug was inserted. 

Propellant charges were placed in the vessel and fired by 
connecting a battery to the terminals 7’, thereby rendering 
the wire S incandescent. The chamber pressure developed was 
measured by means of a radial gauge with copper or lead crushers. 
The hot gases generated by the burning of the propellant could 
only escape by passing through the axial hole of the vent plug, 
which was weighed before and after firing in order to determine 
the loss of weight caused by erosion. Except where otherwise 
stated, a fresh vent was used for each round, and the loss of weight 
measured was that produced by firing one charge of the propellant. 

The design of the vent plug used is shown in Fig. 89, B. 


* J. H. G. Monypenny, “ Stainless Iron and Steel,” 1926, p. 7. 
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The diameter of the axial hole was usually 2 mm., but larger 
diameters were employed in some cases. 
The chemical composition and mechanical properties of the 
metals and alloys used for vent plugs are given in Table I. (p. 180). 
The general character of the curves showing the amount of 
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Frq. 39.—Erosion Experiments. 
A, Diagram of firing vessel. B, Design of vent. 


erosion against pressure is illustrated by Vig. 40, in which the 
data for oil-hardened and tempered nickel-chromium steel are 
given. Under the conditions of this experiment, there was a 
critical chamber pressure of about 2 tons per sq. in. below which 
the weight of metal removed was extremely small, and beyond 
which the erosion increased rapidly and almost proportionally 
to the increase in pressure. The characteristic erosion-pressure 
diagram for all the metals and alloys examined is of this type, 
which is in agreement with the observations of Sir Andrew Noble 


1929—1i. K 
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and of Mallock. The diagram is made up of two approximately 
straight lines, meeting at a point of inflexion which for all steels 
is at about 2 tons per sq. in. Below this pressure the curves for 
steels (including alloy steels of high nickel and chromium con- 
tent) are almost identical, showing practically no loss of weight. 
Above this pressure they show marked differences in slope, due 
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Fic. 40.—Erosion of Nickel-Chromium Steel 
(CFX) Vents by cordite M.D. 2} (lot B) 
in vessels of 27, 66, and 180 cu. in. 
capacity. 


to differences in composition or to varying conditions of the 
experiment. 

The characteristic form of the erosion-pressure curve makes 
it easy to give a numerical indication of the behaviour of 
any particular material by a statement of the slope of the curve 
beyond the point of inflexion. 

If W is the logs of weight by erosion with a chamber pressure es 
and p the pressure at the point of inflexion of the curve (the loss 
of weight at this point, w, being negligible in comparison with 


; } : , ia W. 
W), then the slope of the curve is expressed by Dea To 
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obtain a convenient numerical value, W is expressed in deci- 
grammes, the pressures being in tons per sq. in. 

This value (the “ erodibility” H) may be used as a figure of 
merit for the material under consideration when the size of vessel, 
size of vent, and nature of the propellant are unchanged; the 
lower the figure the less the erodibility. Thus for the nickel- 
chromium steel referred to in Fig. 40, p is 2 tons per sq. in. and E 
(for the 66 cu. in. vessel) is 4-5. Figures for relative erodibility 
determined under the same standard condition are inserted in 
Table I. 

Reproducibility of Results —After some preliminary work had 
been completed with a sample of cordite referred to as lot A, a 
sufficient supply of cordite M.D. 24, referred to as lot B, was 
secured and used for all subsequent experiments. 

The maximum pressure produced in the closed vessel by the 
same charge of propellant showed considerable variations, the 
extreme values differing by 10 per cent. for the higher pressures, 
and by an even greater percentage for low pressures. This may 
have been due partly to variability of coppers, and partly to the 
fact that the charge occupied only a small part of the total volume, 
and that wave pressure to some extent affected the maximum 
recorded. It is therefore clear that too much weight should not 
be given to an individual result, though the general character 
of the curve as a whole represents the behaviour of the steel 
with a degree of accuracy which justifies the expression of the 
figure for erodibility to the nearest 0-5, as shown in the last 
column of Table I. In some instances discrimination between 
materials of almost equal erodibility tested under identical con- 
ditions is sufficient to justify the recognition of slightly smaller 
differences. Whenever a new series of experiments was started 
at least one steel on which results had been previously obtained 
was included to preserve a standard of comparison. This pre- 
caution Was necessary, as, even when charges obtained from the 
same lot of cordite were employed, there was an occasional 
variation in the results given by the standard steels. 

The extreme variations so obtained are shown by the following 
figures (see first table on p. 188). 

The relative erodibility of different steels deduced from any 
one series of tests carried out at the same time was, however, 
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Nickel-Chromium Steel. 


Capacity of vessel, 66 cu. in. Diameter of vent, 2 mm. 
Propellant, cordite M.D. 24. 


Cordite Lot 4. Cordite Lot B. Cordite Lot B. 

Charge. ] 

Grains. Pressure. Loss of Pressure, Loss of Pressure. Loss of 
| Tons per Weight. Tons per Weight. Tonsper | Weight. 
| sq. in, Grm. sq. in. Grm. sq. in, | Grm. 
| i 

3100 14-5 Go7i 15:3 5:7 14:6 6-9 
2500 1-1 5-1 10:9 4-4 11-4 4-7 
2000 8-3 HY) 8-9 2-9 8-8 3°3 
1500 GO | 2:6 6-4 1-5 6:5 1-8 
1000 3-7 1-5 3-9 0-6 4-0 0:6 
500 Ibo ef 0-013 1:3 0-047 1-7 0-08 
H=5:6 H=4:-5 H=5:°3 


consistent, as shown by the following results obtained in three 
typical series of tests in which more than one of the standard 
steels was included : 


Cordite M.D. 24. 


Mark. Steel. 

Lot A. | Lot B. 
CMS Mild steel 4-9 | 4:0 | a 
AYM Carbon steel 5-4 | 4-7 as 
CFW Nickel steel 5-6 | 4-7 | 5-2 
CFX Nickel-chromium steel 5-6 4-5 5-2 


The results of any one series are therefore strictly comparable 
among themselves, but in assigning relative figures to material 
of approximately equal erodibility due allowance must be made 
for slight but unexplained differences shown by the standard 
steel in the different circumstances of the test. 

Detailed results are given in Tables II. and III. 

Table II. shows results obtained with cordite lot A with which 
the standard steels always gave about 5-5; in Table III. are 
collected all series in which the standard steels gave about 4-7. 
Typical diagrams are shown in Figs. 41 to 43. 
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LOSS OF WEIGHT.- GRM. 


GREAVES, ABRAM, AND REES : THE EROSION OF GUNS. 


MAX. PRESSURE. TONS PER SQ.IN. 


Fie. 41.—Erosion of Stainless Steels compared with that of Actual 
and Other Possible Gun Steels and of Armco Iron. (Cordite 
M.D. 23; capacity of vessel, 66 cu. in.; diam, of vent, 2 mm.) 
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LOSS OF WEIGHT.- GRM. 


1) 4 8 12 16 
MAX. PRESSURE. TONS PER SQ.IN. 


Fig. 42.—Erosion of Austenitic Steels com- 
pared with that of Gun Steels and of 
Armco Iron. (Cordite M.D. 24; capacity 
of vessel, 66 cu, in.; diam. of vent, 
2 mm.) 
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LOSS OF WEIGHT.- GRM. 


O 4 8 12 16 
MAX. PRESSURE.~ TONS PER SQ. IN. 


Fia. 43.—Erosion of Non-Ferrous Metals 
compared with that of Armco Iron. 
(Cordite M.D. 24; capacity of vessel, 
66 cu. in.; diam. of vent, 2 mm.) 
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Effect of Size of Vessel—Experiments were carried out on 
three steels in the three different vessels of 27, 66, and 180 cu. in. 
capacity respectively. The results obtained in the 66 cu. in. 
vessel have already been given in Tables II. and III.; those 


LOSS OF WEIGHT - GRM 


CAPACITY OF VESSEL. CU. IN.: 


Fic. 44.-Effect of Size of Firing Vessel on Amount of 
Erosion of Vent Plugs. (Cordite M.D. 24; pressure, 
15 tons per sq. in.) 


obtained in the other closed vessels are given in Tables IV. and 
V., together with a summary in Table VI. The relative erodi- 
bility of the steels remained about the same under these conditions 
(Fig. 44). No regular differences could be detected in the amount 
of erosion at a given pressure per 1000 grains of propellant charge 
fired in the small, medium, and large vessels. The loss of weight 
of similar vents of the same steel per 1000 grains of propellant 
was dependent only on the pressure (‘'able VII.). 
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Taste IV.—Erosion Tests in Small Firing Vessel. 


Capacity, 27 cu. in. Diameter of vent, 2mm. 
Propellant, cordite M.D. 2} (lot B). 


‘ : Nickel-Chromium- 
Mild Steel (C ILS). Wteal CC PX). Molyienta Steel 
Y 4 e M7 7 Is 
No. of 
Charge. | Gharges |- = : oe 
ap ed: Pressure. Loss of Pressure. Loss of Pressure. Loss of 
Tons per Weight. Tons per Weight. Tons per Weight. 
sq. in. Grm. sq. in. Grm. sq. in. Grm. 
1350 1 15-5 2-50 15-6 2°74 15-1 2-66 
1100 1 10-8 1-76 10-8 2-12 11-2 2-12 
800 1 9 1-13 1g) 1-06 8-1 1-16 
600 1 5-8 0-54 5-8 0-82 6-0 0-96 
600 3 5-7 1-42 5-6 1-95 5-8 1-93 
470 tt ba 500 anc Sco 4-2 ORT 
470 3 4-4 0-49 4:3 0-98 4-1 1-09 
350 1 3°5 0-09 3°3 0-22 3-1 0-02 
350 3 3:2 0-13 3-1 0-33 3-1 0-42 
250 i On ass Sle a0 2°0 0-024 
250 3 2-0 0-025 2:2 0-020 2-0 0-032 
150 1 1-3 0-004 1-3 0-003 2 0-006 
150 3 tie Boh oat ee fer 0-011 
Wes ely 1H), Pipa | H=2:) 
Taste V.—Hrosion Tests in Large Firing Vessel. 
Capacity, 180 cu. in. Diameter of vent, 2 mm. 
Propellant, cordite M.D. 2} (lot B). 
Mild Steel (C3£8). a eet preces eratbaese Ged 
| eel (CPX). 
No. of OAD). 
Grains, | Charges rai : 
Fired. Pressure. Loss of Pressure. Loss of Pressure. Loss of 
Tons per Weight. ‘Tons per Weight. Tons per Weight. 
sq. in. Grm. sq. in. Grm. sq.in, Grm. 
9840 1 15-1 15-13 15-1 19-69 15-3 16-10 
TOSOn i aa 11:3 13-71 11-3 15-10 11-8 11-92 
6150 | 1 8-7 9-1] 8-7 9-18 9-0 9-31 
4590 1 6-4 5-57 6-5 6-01 6-5 5-74. 
2920 1 3-7 2-28 3:7 2-32 3.7 2-43 
2350 1 3-1 1-48 3-0 1-03 3-0 0:68 
2350 3 3-0 3:66 3:2 4-38 3-0 4-80 
1530 1 hots) 0-13 1-9 0-02 1-9 0-33 
1530 3 2-2 0-41 2-2 0-30 2°3 1-76 
984 | 1 1-2 0-02 1-2 | 0-009 1-2 0-02 
984 3 1:3 0-08 Te 0-058 1-3 0-06 
E = 12-4 aloe H = 12-9 
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TaBLe VI.—Relative Hrodibility of Vents fitted to Firing Vessels 
of Different Sizes. 


| 
‘ Small Medium, | Large. 
Capacity of Vessel. 27 cu. in. 66 cu. in. | 180 cu: in. 


Relative erodibility, H 


Nickel-chromium vidal (CFX) 5 21 CO ee LOO 
Nickel - chromium - molybdenum steel | 

NO) cae ; : 2-1 4-5 |) 1330 

Mild steel (CMS) : : é : 17 4°0 12°5 

Relative capacity of vessels 2-0 4-9 13-3 


TasBLE VII.—Loss of Weight of Vents fitted to Firing Vessels of Different 
Sizes expressed in Grm. per 1000 Grains of Propellant Charge 
(Cordite M.D. 23). 


Approximate Pressure. Tons per sq. in. 15. qa, 8. | 6. 4, 
(snet) vessel 2-0 | 1-9 | 1-3 | 1-4) 0-6 
Nickel-chromium steel (CFX) +Medium ,, og} |) ihoe I Tei |) TheQ) |) Woe 
(Large 3 2 Oi ele Ome leo lero Old 
| 
9. : Fy ina Re F 
Nickel-chromium-molybdenum [ieee A ae ay ue ne 
ee ANU) [ieeoe eG el ies 1 -2arore 
di | 
CS 
2 
& 
Ord 
2 
ae 
° 
LJ 
22 
ire ‘ 
(@) i 
UY) 
YW) 
(@) 
J 
a O SS 10 15 Zo) 


DIAMETER OF VENT. MM. . 


Fic. 45.—Effect of Size of Axial Hole of Vent on Erosion. 
(Charge, 1500 grains of cordite M.D. 24.) 


142 GREAVES, ABRAM, AND REES: THE EROSION OF GUNS. 


Effect of Size of Vent.—The effect of the size of the axial hole 
on the amount of erosion is shown by the data given in T'able VIII. 
With the same weight of propellant, the loss of weight due to 
erosion falls off rapidly with an increase of diameter of the 
axial hole, because a smaller proportion of the total volume 
of gas generated comes into contact with the surface of the 
vent, and also because the maximum pressure produced by 
a given charge diminishes with the increased size of the orifice. 
Steels, however, preserve the same order of relative erodibility 
(Fig. 45, p. 141). 


Taste VIII.—EHffect of Size of Axial Hole of Vent on Erosion. 
Charge, 1500 grains of cordite M.D. 24. 


Diameter of Axial Hole of Vent. 2 mm. 56mm, |; 10 mm. | 15 mm. 


Average pressure. Tons per sq. in. . 6-3 5-9 5-0 3°8 
Loss of weight of vent plugs. Grm. 
Carbon gun steel (A YI) 2°8 1:3 0-15 | 0-006 
Nickel gun steel (CF W) 2-0 1-2 0-14 | 0-004 
Stainless steel (A YR) 4-7 3-1 1-15 | 0-005 


Effect of Heat Treatment.—Comparative experiments with 
vent plugs of annealed and of oil-hardened and tempered steel 
indicate that heat treatment has little effect on the erosion of 
the metal (Table [X.). The same applies to the rolled and the 
annealed conditions of non-ferrous alloys. 

Effect of Lubrication of the Steel Surface-—As indicated in a 
previous section, examination of worn-out tubes, lubricated or 
not lubricated throughout their life, showed that the: surface 
cracking was almost identical at similar positions throughout the 
tube, and that lubrication was without effect on the character of 
the hardened skin. ‘The effect of a film of graphite grease on the 
loss of weight of erosion vents has been determined with nickel 
gun steel (CFW) and cordite M.D. 21 (lot B). Ten charges of 
1500 ‘grains were fired through dry vents (diameter, 10 mm.), 
and also through similar vents covered before each round with 
a layer of graphite grease. The average maximum pressure in 
each case was 4-7 tons per sq. in. and the logs of weight as follows : 


a a er cee emma tia 
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Dry vents, 2:14 grm.; lubricated vents, 1:60 grm. The lower 
loss of weight for the lubricated vents was probably due to the 
heat absorbed in removing the film forming an appreciable pro- 
portion of the total heat communicated by the gas to the short 


TaBLeE [X.—EHffect of Heat Treatment on Erosion. 


Capacity of vessel, 66 cu. in. Diameter of vent, 2 mm. 
Propellant, cordite M.D. 24 (lot A). 


Charge, 1500 Grains. Charge, 3100 Grains. 
Pressure. Loss of Pressure. | Loss of 
Tons per Weight. Tons per | Weight. 
sq. in. Grm. sq. in. Grim, 
Stainl feel O.-H. and T. 6:2 4-6 14:5 10°7 
‘Stainless steel |arnealed . | | 6-1 4-6 14-4 1 
Nickel ca | O=Hvands as. 6-0 2°8 14:5 7:0 
ickel gun steel | 4 mnealed : 6-1 2-8 La | TL 
Nickel-chromium ;O.-H. and T. 6-1 2°6 14:6 | 677 | 
gun steel Annealed 6-1 Paar 14-2 | 6:8 
Garb Real OfHSandet: 6-1 2-8 14-7 6:8 
arbon gun steel { 4 healed 6-2 2-4 14-2 7:2 
Charge, 1000 Grains. Charge, 2500 Grains. 
Manel l Rolled 3-9 2-5 10:9 10-6 
onel metal | ‘annealed 4-0 3-0 lll 10-7 


O.-H. = oil-hardened ; T. = tempered. 


channel of the vent. In a gun the total heat available would be 
enormously greater. The lubricant, if used, is generally applied 
in front of the driving band. The thickness of the film after 
the passage of the driving band would therefore be slight, and 
its protective effect against the action of the hot gases probably 
negligible. 

Effect of the Calorific Power of the Propellant—The influence 
of the calorific power of the propellant on the amount of 
erosion produced has been the subject of many investigations.* 


* Noble,(22) Vieille,35) Jones,@6, 17) Yarnell.@9) 
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Tests have been made on erosion vents of several steels with 
different propellants, or with other experimental materials more 


LOSS OF WEIGHT. GRM. 


8 12 Tie 20 
MAX. PRESSURE. TONS PER SQIN. 


Fic. 46.—Erosion of Stainless Steel (FXL) and of Nickel-Chromium- 
Molybdenum Steel (C'NO) by Propellants of 950 cal. and 750 cal. calorific 
value. (Capacity of vessel, 66 cu. in.; diam. of vent, 2 mm.) 


O A 


or less suitable for use as propellants. These included the 
following : 


Cordite M.D. . . Nitro-glycerine 30, gun-cotton 65, mineral jelly 
5 per cent., 

Cordite R.D.B. . Nitro-glycerine 42, nitro-cellulose 52, mineral jelly 
6 per cent., 

IN; CAD: : - Nitro-cellulose with 0-5 per cent. diphenylamine, 


and other modified or experimental propellants here referred to 
as A, B, C, &e. 

Detailed results of tests, including the calorific power of each 
propellant, are given in Tables X. to XII, and the behaviour 
of the various steels is illustrated in Figs. 46 and 47. With 
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the exception of cordite M.D. 45, the propellants were all of a 
size to give approximately the same rate of burning as cordite 
M.D. 24. 

For any given steel the loss of weight due to erosion is highest 
with the slow-burning cordite M.D. 45. This is true for the same 


8 3) 


6) 


LOSS OF WEIGHT. GRM. 
is 


Gsetoaes 8 12 ic 
MAX. PRESSURE. TONS PER SQIN. 


Fig. 47.—Erosion of Nickel-Chromium Steel (GV R) by Various 
Propellants, the calorific values of which are indicated 
in brackets. (Capacity of vessel, 66 cu. in.; diam. of 
vent, 2 mm.) 


maximum pressure and also for the same weight of charge, except 
at low pressures, when the erosion produced is small in amount. 
The passage of the hot gases through the vent occupies a longer 
time when the thicker cordite is used, and the transfer of heat 
to the vent is therefore greater. With propellants of the same 
size, the loss of weight due to erosion falls off very regularly with 
the decrease in calorific value of the propellant and the consequent 
decrease of the maximum temperature attained by the hot gases. 
1929—1. 7 
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Taste X.—Effect of the Propellant on Erosion of Vents fitted 
toa Firing Vessel. 


Capacity of vessel, 66 cu. in. Diameter of vent, 2 mm. 
Weight of charge in each instance: (1) 2500 grains; (2) 1500 grains. 


Results of tests with cordite M.D. 24 are given in full in Table IT. 
(Standard nickel steel gave H = 5-4.) 


Cordite M.D. 45 | Cordite M.D. 24 \Cordite R.D.B. 2} N.O.T. 5 
(950 cal.). | (lot 4)(950cal.).) (930 cal.). (810 cal.). 
Material of Vent. 3k ; de : gk ones “is perens rH) eal meters 
bees | Seq | Gee | Ska gad tga Gha See 
BBe| Soo | ba) Soo | g8e| S86 | £8e| 820 
Ge [OR ee eS ee Ge | HF 
Mild steel (CMS) 9-4 | 4-92 | 11-6 | 4-63 | 11-4 | 3°95 9-9 | 2-22 
5-0 | 2-20 6:4 | 2-48 (oll || jhoR3 5:2 | 0-54 
E=6:-0 H=4:8 |; H=4-3 EH = 2-8 
Carbon gun steel | 9-7 { 5-00 | 11-5 | 4-73 | 12-1 | 3-85 | 9-9 | 2-28 
(AYM) 4:7 | 3-17 6:1 | 2:76 | 5:9 | 1-75 5:8 | 1-03 
H=5:°8 JH ary |) Sn yots} H=2-9 
Nickel gun steel | 9-3 | 5-51 | 11-6 | 5-18 | 11-6 | 4:08 | 10-0 | 2-74 
(CFW) 4-8 | 2-60 6:0 | 2-81 6:0 | 1:97 5-8 | 0-51 
H=6°5 H=5-4 H= 4-2 H=3-5 
Nickel-chromium 9-3 | 5-56 | 11-1 | 6-07 | 11:6| 3-98 | 9-9 | 2-55 
gun steel (CFX) 5:0 | 2-28 6:0 | 2-55 6-2 | 1-29 5:0 | 0:84 
1H} > FEA) H=5-5 H=4-2 a 
Stainless steel 9:0 | 9-48 | 11-5 | 8-57 | 12-1 | 6-21 | 10-0 | 5-35 
(AYR) 4-8 |6-09| 6-2] 4-57| 6-1] 3-60] 5-8 | 1-73 
H=11:5 H=9-0 HE=6-2 H= 5-5 
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Taste X1.—Lffect of the Propellant on Erosion of Vents fitted 
to a Firing Vessel. 
Capacity of vessel, 66 cu. in. Diameter of vent, 2 mm. 


Results of tests with cordite M.D. 2} are given in Table III. 
(Standard nickel steel gave H = 4-7.) 


Charge B (880 cal.). Charge N.O.T. (810 cal.). Charge # (750 cal.). 
Pressure.| Loss of Pressure.| Loss of Pressure.| Loss of 
Charge. f : Ch abel Wire ees oe cae Charge, i eae . 
Grains, | a | “eee | Gewins, | Teeper] WeleD | Grains, | Toms per) Weight 
(a) Vents of Nickel-Chromium Steel (CFX). 
3380 15-8 | 5:37 3620 16:0 | 3-87 3670 16-5 2-90 
2440 10-9 3°83 2620 10-9 2-63 2650 11-3 ri) 
2010 8-8 | 2-73 2175 8-7 1:70 2200 9-2 1-12 
1500 6-6 | 1-58 1625 6:7 .| 0-64 1650 6-9 | 0-77 
920 3:7 0-78 985 3:6 0-28 1000 3°8 0-07 
400 1-4 0-003 420 1-3 0-005 430 An ae 
3 at 400 1-5 | 0-006 | 3 at 420 1:3 0-008 | 3 at 430 1-4 0-005 
H=3-9 H= 2°3 . 13) 3 109) 
(6) Vents of Nickel-Chromium-Molybdenum Steel (CNO). 
3380 16-1 6-31 3620 15:9 4-77 3670 16-4 3-20 
2440 10-9 3-80 2620 10-9 2-74 2650 ilhos3 1-98 
2010 8-8 2-40 2175 8°7 | 2-21 2200 9-2 1-33 
1500 6-6 1-92 1625 6-7 0-56 1650 6-9 0-91 
920 aul 0-38 985 3°6 0-08 1000 3-8 0-02 
400 1-4 0-004 420 1-3 0-003 430 1-4 0-002 
3 at 400 1-5 0-007 | 3 at 420 1:3 0-006 | 3 at 430 1-4 0-008 
H=4-2 JES yO} 13301 | 
Charge A (912 cal.). Charge £ (750 cal.). 
Pressure. Loss of Pressure. | Loss of J Pressure. | Loss of 
Ch: A Charge. ; yee : 
Bee ra iiaan |) cette | Ge [pare } oe 
(c) Vent of Nickel Gun Steel (d) Vent of Low-Carbon (e) Vent of Aus- 
(CFW). Stainless Steel (F XL). tenitic Stainless 
Steel (FKE). 
3250 15:8 5-20 3670 16-6 5-16 16:6 5-70 
3100. 14:7 4-13 2650 11:3 3°83 11-4 3°77 
2600 12-0 Se 2200 9-6 3-01 9-6 2-03 
2500 12-2 3°75 1650 6-9 2°11 6-9 1-65 
2000 9-0 2-59 1000 3°8 0-28 3°8 0:58 
1500. 7-2 1-51 430 ae GAD 1:5 0-002 
1000 4:1 0-61 3 at 430 1-5 0:01 ect 
500 1-6 0-003 
3 at 500 1:7 0-01 
H=4:-0 H 3-6 Hie oro 
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Taste XI1—Effect of the Propellant on Erosion of Vents fitted 


Capacity of vessel, 66 cu. in. 
Vents of nickel-chromium steel (VR), 


to a Fir 


ing Vessel. 


Diameter of vent, 2 mm. 
except where otherwise stated. 


In this series the standard nickel and nickel-chromium steels gave Z = 5:2 with cordite M.D. 24 
(results recorded below). 


Cordite M.D. 23. | 
Cordite M.D. 24. Sa F | Cordite M.D. 2} 
Nickel Steel Vent (GFW). | Nike Chrome Hie (950 cal.). 
Charge. = a bay, aa wri | 
Grains. Pressure. Loss of Pressure. Loss of | Pressure. Loss of 
Tons per Weight. Tons per Weight. | ‘Tons per Weight 
sq. in Grm. sq. in. Grm, | sq. in. Grm. 
3100 14-6 6-41 14-9 6-64 14-7 6-63 
2500 11°55 4°86 11:6 4-74 11-3 4-97 
2000 9+1 3-28 9-0 3-45 8-9 3-43 
1500 6-75 1-98 6:7 1-99 6-7 2°24 
1000 4-0 0-83 4-0 0-81 4-1 1-05 
500 1:6 0-01 17 0-04 | 1-9 0:07 
3 at 500 SCE aba . si | a9 6-08 
E=6:2 E= 5-2 | E=5:3 
Charge B Charge C Charge D Charge 2 
(880 cal.). (855 cal.). (830 cal.). (750 cal.). 
Charge. i Charge. 2 Charge. ; Charge. ath Rare 
Grains. Ne Loss | Grains. Pres-| Toss | Grains. eas Loss | Grains. Pres-| Toss 
. of ee He ot piss of sure. of 
von | Weight. per. | Weight. ber. | Weight por | Weight. 
. |sq.in. Grm. sq. in. Grm. sq. in. | Grm. sq. in. @rm. 
| 
2 = ik? onal 
3250 15-8 | 6-03 3100 14-2 | 3-97 3250 15-2 ) 4-45 3550 | 15-3 | 2-57 
2440 11-0 | 4:22 2500 10-8 | 3°32 2440 10:8 | 3-27 2650 10-4 | 1-37 
2010 9:0 | 3-32 2000 8-3 | 1:76 2010 8°6 | 2°76 2200 8-6 | 0-41 
1500 6-5 | 2-34 1500 6-2 | 1°43 1500 6°5 1:70 1650 | 6:4] 0:39 
920 | 3-7 | 0-69 1000 3-8 | 0-31 920 3-6 0-60 1000 3-7 | 0-026 
400 1-2 | 0-009 500 1:7 | 0-008 400 1-2 | 0-007 430 1-1 | 0-006 
3 at 400; 1-1 | 0-02 | 3 at 500; 1-6 | 0-025] 3 at 400] 1-0 | 0-02 | 3 at 430) 1-2] 0-015 
E=4:3 E=3:°6 B=3-6 E=2-1 
Charge F Charge @ Charge F Charge G 
(690 cal.) (675 cal.). (690 cal.). (675 cal.). 
oe Uharges | 
rains. Pressure.) Loss of |Pressure. Loss of Grains. |pressure.| Loss of |Pressure. Loss of 
Tons per) Weight. |Tons per | Weight. Tons per| Weight. |Tonsper| Weight. 
sq. in. Grm. | sq.in. | Grm. sq. in. Grm. sq. in. Grm. 
3500 15-2 2°37 15-3 | 2-53 3200 13-9 2-49 14- | 2: 
2750 11-4 1-37 11-2 | 1-94 2600 10-5 1:23 10-8 1:30 
2300 9-3 1:21 9-2 | 1:27 2100 8-2 1:29 8-1 1-25 
1600 6-4 0-68 | 6:4 | 0-49 1600 6-1 0:60 6-0 0-46 
1200 4°3 0-29 4:3 | 0-23 1200 4-3 0-16 4-2 | 0-06 
850 2-9 0-02 2-9 | 0-015 700 2+2 0-007 2-3 | 0-007 
3 at 850 2-8 0-03 2-9 | 0-017 3 at 700 2-2 0-015 2:3 | 0-013 
B= 2:0 H=2-2 E = 2-2 BE =2-2 
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The steels preserved the same order of erodibility under the action 
of different propellants, thus : 


| Value of ZF, 


Cordite M.D Charge 2. 
(Table IIL.) (Table XT.) 


Nickel-chromium steel (OFX). > 4-5 1-9 

| Nickel-chromium-molybdenum steel (ON 0) 4-4 2°1 
Low-carbon stainless steel (7X L) 9-2 3-6 
1-0 3-9 


| Austenitic stainless steel (KZ) i : 1 


If 7’ is the temperature of the gas and ¢ that of the surface of 
the steel, the rate of transfer of heat is a function of (f —t). It 
is shown by subsequent examination of the vents that the surface 
of the steel reaches its melting point. Suppose the temperature 
of the surface of the steel to be 1500° C., then gas at 2900° C. 
(or 1400° C. above the temperature of the surface) would com- 
municate to the steel about twice the amount of heat imparted 
by gas at 2200° C. (or 700° C. above the temperature of the 
surface). A ratio calculated in this way does, in fact, express 
the approximate relative erodibility of a given steel under the 
action of the different propellants used in the experiments. 


Taste XIII.—Fffect of the Nature of the Propellant on Erosion. 


Average value of the erosion figure for carbon, nickel, nickel-chromium, and 
nickel-chromium-molybdenum steels which all give similar figures with 
cordite M.D. 


‘ Esti Approxi- 

Propellant. ace eed ees. Temperature. Average Value of Z. 
Cordite M.D, 24 950 2900 4-5 ue 5:5 
Cordite R.D.B. 2} 930 2900 
Charge A 912 2850 

oe 880 2750 
” 855 2700 


B 
C 
D 830 2600 
5 810 2500 
Charge # 750 2300 
F 
G 


690 2100 
675 2050 
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The relative values of the erosion figure obtained with steels 
showing approximately equal erosion with cordite M.D. are given 
in Table XIII., together with the calorific value and estimated 
temperature of the propellant gases for a density of loading of 
0-1 (equivalent to a charge of 1670 grains in a closed vessel 
of 66 cu. in. capacity). 

The results clearly show that the lowering of the erosion figure 
(as measured by the loss of weight of vent plugs) produced by 
the use of cooler propellants is very much greater than any 
reduction which may be produced by changing the composition 
of the steels now used in gun construction. 


Examination of Hroded Vent Plugs. 


The form of the axial hole after erosion by the hot gases is of 
interest. Propellant gases at high pressure erode the edges at 
the entrance to the axial hole; then follows a relatively un- 
affected region, succeeded by one which has suffered most from 
the erosive action of the gas (Fig. 48, Plate XVII). 

As is well known, when a fluid such as water passes from a 
container of large diameter through an orifice, the convergent 
currents of water approaching the orifice cause a contraction of 
the issuing fluid (the vena contracta), so that instead of a parallel 
or cylindrical flow it becomes a stream of diminished breadth, 
the greatest contraction being at a point whose distance from the 
orifice is equal to half the diameter of the orifice, the diameter of 


the contracted stream being about 0-8 of that of the orifice. The: 


characteristic form of the eroded vent is apparently due to an 
analogous cause. 

When a low-pressure charge had been fired through a vent, 
an even more interesting effect was observed. The turbulence 
of the gases from a high-pressure charge was too great to reveal 
more than a single impingement of gas on the surface, but with 
smaller velocities of the outgoing gas several slight ridges were 
visible in the axial hole of the vent (Fig. 58, Plate XVIII.). These 
were apparently due to successive reflections of the issuing stream 
of gas-from the surface. At intermediate positions there were 
protected regions where the steel suffered less erosion, thus giving 
rise to the succession of ridges. 
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The characteristic form assumed by eroded vents offers support 
to the idea that the initiation of scoring in guns may be largely 
due to the current of gas at the rear of the projectile, which, 
however, can to some extent be controlled by the design of 
the lead from chamber to rifling, and the relative diameters 
of chamber and bore.* 

Some vents were made with a wide entrance channel and a 
narrower exit channel connected by a slope representing, in an 
exaggerated form, the chamber, slope and bore of a gun. Figs. 49 
to 52 (Plate XVII.) show four such vents having the following 
dimensions : 


Diameter of entrance channel . ‘ - 10mm. 
» exit channel . ‘5 . 5mm. 
Beel length of slope x . 5 . 25, 10, 5, and 2-5 mm, 
Angle of slope c : 5 ‘ > 6°, 14°, 27°, and 45° respectively. 


The increase in the amount of localised erosion (scoring) in 
the exit channel as the steepness of the slope increases is clearly 
shown. In order to measure the amount of erosion occurring at 
different positions, vents were made up in three parts, which 
could be unscrewed, and the erosion of the entrance, slope, and 
exit portions separately determined (Table XIV.). The erosion 
occurring in the entrance channel was approximately constant 
and small in amount; the loss of weight of the exit channel 
increased progressively as the slope connecting the two channels 
became steeper. The erosion of the central portion was affected 
by two variables, decrease of length and increase of angle, the 
former tending to reduce and the latter to increase the total loss 
of weight. Thus the loss of weight of the central portion first 
increased and then diminished again as the length of slope was 
reduced. The loss of weight per unit length of slope, however, 
increased regularly as the slope became steeper. 

Although there can be no quantitative relation between the 
behaviour of a vent and that of a gun, the analogy indicates 
that an increased slope between chamber and rifling leads to 
increased localised erosion in the bore, and a steep slope may 
Initiate severe scoring. 


* Hugoniot and Sébert,@5) Charbonnier,(6, 7) Tulloch,@3) Bravetta,(4) ae 
Secondo.@) 
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Taste XIV.—Erosion Tests of Composite Vents of Nickel 
Gun Steel (CFW). 


Capacity of vessel, 66 cu. in. 
Charge, 1500 grains of cordite M.D. 24 


Diameter of vent: entrance, 15 mm. ; 
exit, 10 mm. 


(lot B). Length of slope, 2-5 to 25 mm. 
Pressure, 5-0 tons per sq. in. 
1 Charge. 5 Charges. | 10 Charges. 

Description of Vent. Loss of Loss of Loss of 

Weight. Weight Weight. 

Grm. Grm. Grm. 

Entrance: diam., 15mm, ; length, 10 mm. 0-002 0-03 0-06 

Slope: length, 25 mm.; angle, 6° 0-08 0-32 0:57 

Exit: diam., 10 mm.; length, 30 mm. . 0:11 0-53 1-17 

Entrance: as above . ‘ ; 0-001 0-04 0-06 

Slope: length, 10 mm.; angle, 14° 0-11 0:47 0-75 

Exit: as above ‘ : ; 0-29 1-40 2°68 

Entrance: as above . s : 0-002 0:02 0-06 

Slope: length, 5 mm.; angle, 27° 0:09 0-43 0-68 

Exit: as above , ‘ Z 0-30 1-71 3-29 

Entrance: as above . 3: , 0-004 0-03 0-09 

Slope: length, 2-5 mm.; angle, 45° 0-12 0-33 0-52 

Exit: as above . 3 : ‘ 0:45 1-76 3-40 
Erosion of slope per 10 mm. of length : 

Angle 6° 4 ‘ F : 0:08 0:13 0-23 

14° 0-11 0:47 0:75 

Page 0-18 0-86 1-36 

45° 0:48 1-32 2-08 

Microstructure. 


Erosion vent plugs were sectioned axially and the cut faces 
polished for microscopical examination. 
Non-Ferrous Metals and Alloys——Intererystalline cracks ex- 
tending from the eroded surface into the metal were visible in 
all the vents through which the higher charges had been fired. 
Typical structures observed in nickel are shown in Fig. 56, and 


those in Monel metal in Fig. 57 (Plate XIX.) 


It is most improbable that the development of intercrystalline 
cracks in the surface layers can be due to chemical action, owing 
to the extremely short time occupied by the passage of the hot 
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.of charges. 20 13) 10 5 1 


Charge, 1,500 grains of cordite M.D. 2}; pressure, Ist round, 6°3 tons per sq. in 
SS as diameter of vent increased to 5'0 tons per sq. in. 


Fic. 48.—Effect of firing through 5 mm. diam. vents. X0'5. 


ae 


Fic. 49.—Slope 25 mm. long. Fic. 50.—Slope 10 mm. long. 


Fic. 51.—Slope 5 mm. long. Fic. 52.—Slope 2°5 mm. long. 
Figs. 49-52.—Half-sections of vents after firing 2,500 grains of cordite, M.D. 22 
(pressure 10°6 tons per sq. in. ), showing effect of slope in localising erosion. 


Entrance 10 mm, diam, ; exit 5 mm. “diam, in each vent. (Actual size.) 
[To face p. 152 


PLATE X VILL. 


1 charge 1 charge 5 charges 10 charges 
a a 
Mild steel. carbon gun steel. 


Charge, 1,500 grains of cordite M.D. 24; pressure 5 tons per sq. in. 
Fic. 53.—Effect of firing through a 10 mm. diam. vent. X15. 


SD GI 


Fic. 54.—EFffect of firing five charges (as above) through a nickel- 
steel vent. X 2. 


5 2 a 


Fic. 55.—Appearance of surface of sectioned vent shown in Fig. 54. 
Direction of flow of gas upwards. 30. 
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Fic. 57.—Monel Metal, showing inter- Fic. 58.—36'7 per cent. nickel steel 
crystalline cracks. 100. (tangential section), showing inter- 


crystalline cracks. 100. 


we SF, se oP we ER eae = a 
Fic. 59.—Nickel gun steel (tangential FIG. 60.—Nickel-chromium steel show- 
section), showing intercrystalline ing troostitic layer below skin after 3 


cracks, 100. rounds of charge & at a pressure of 
1:44 tons per sq. in. X100. 


Structure of eroded surfaces of vents. Propellant, cordite M.D. 23, except Fig. 60. 


Penne XxX. 


Carbon gun steel; depth of skin 0°016 in. 
Fic. 61.—X 100. BiG 3O25——yao00: 


Nickel gun steel ; depth of skin 0°016 in. 
FIG. 63:—x 100: ENG NOApeee oD 00. 


: SN eS 
Stainless steel; depth of skin 0'012 in. 
FG. 65.—X 100. FIG. 66.—X 500. 


Hardened skins in vents. Propellant, cordite M.D. 21. Pressure 15 tons per sq. in- 


PEATE XOXT: 


é i i % SS > 


Fic. 67.—Armco iron. Depth of grain refinement 0°010 in. X 100. 


xX 500. 


FIG. 68.— X 100. WE. OIE 
Mild steel, showing change of pearlite grain at surface to martensite, and 
accompanying crack. 


eS 


| Fic. 70.—Fragment of steel detached Fig. 71,—Nickel-chromium steel from the 
from forward face of vent after firing ; forward face of the vent after firing. 
it had, while molten, takenthe imprint x 1000. 

of the letters ‘‘ MS’ stamped on the 

vent. X95. 


PLatE XXII. 
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Fic. 72.—Structure of the m 
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Fic. 73.—Structure of the material 0'1 in. below hardened skin 


of a 15-in. gun after normalising. 


enclosed in copper 


then heated to 900° C. and cooled in air.) 


, 


The specimens were wrapped in nickel foil 
foil 


( 


[To face p. 153. 
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gases, nor are they directly dependent on a hardened skin, for 
no such skin is formed in non-ferrous materials. It appears, 
therefore, that these surface cracks are due to intercrystalline 
weakness at high temperatures, which results in cracking under 
the action of the circumferential stresses due to the pressure of 
the escaping gas. 

Many of the austenitic steels showed similar pronounced 
intererystalline cracks. Fig. 58 shows the surface cracking in 
the austenitic nickel steel. 

Steel_—tIn all steels except mild steel and austenitic steels, 
a hardened skin was developed on the surface of the axial hole 
of the vent plug (Figs. 60 to 66, Plates XIX. and XX.). Unlike 
the cracks in non-ferrous materials, which were only developed 
by the higher charges, this hardened skin was produced by all 
charges. The formation of a hardened skin is the first change 
which takes place. It was distinctly evident, and in nickel gun 
steel attained a thickness of 0-015 in., when only one charge of 
cordite at a pressure of 1-5 tons per sq. in. had been fired, giving 
a loss of weight due to erosion of only 7 mg. 


TaBLE XV.—Depth of Hardened Skin on the Surface of the 
Axial Hole of Vents. 


Propellant. Cordite M.D. 2}. Charge £. 


Pressure in Firing Vessel. | 
Tons per sq. in. 2 4 to ll | 15 2 4 to 11 15 


Average for the. or dinary Average Depth of Skin. In. 
gun steels. 0-015 | 0-018 | 0-015 | 0-005 | 0-019 | 0-016 


| Stainless steel . - . | 0-006 | 0-011 | 0-009 | 0-007 | 0-013 | 0-010 


_ The depth of skin formed in different steels is given in 
Table XV., in which it will be observed that the depth of 
skin increases with increase of pressure up to a point, and then 
diminishes again as the rate of removal of steel by erosion becomes 
very great. The skin formed in stainless steel is not so deep as 
in ordinary gun steels. This is an effect which follows from the 
lower thermal conductivity and from the higher critical range 
of stainless steel. The inner ‘boundary of the hardened skin of 
carbon gun steel must at least have attained the temperature — 
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of Ac,, or about 700° C., but that of stainless steel must have 
reached 800° C., since rapid chilling after exposure to a lower 
temperature would not produce hardening. 

After the passage of gases from the higher charges, many of 
the steels showed surface cracking of an exactly similar type to 
that shown by non-ferrous metals (Figs. 58 and 59, Plate XIX.). 
These cracks are probably intercrystalline in every stance. 

No difference in the character of the surface cracking or the 
hardened skin was discernible between annealed vent plugs and 
those in the oil-hardened and tempered condition. If a coarse 
ferrite network is present, however, it remains undissolved and 
persists in the hardened skin (Fig. 16, Plate IX.). 

Mild Steel and Armco Iron.—Muild steel and Armco iron showed 
no hardened skin and very little surface cracking. The structure 
of mild steel shows a surface layer in which the pearlite grains 
are altered by mutual solution of the components of the pearlite, 
and a hardened spot is produced locally. Such spots at the 
surface of the axial hole often show cracks (Figs. 68 and 69, 
Plate XXI.). The altered layer is of the same depth as the 
hardened skin in ordinary gun steels. 

The Armco iron was of interest in showing refining of the grain- 
size in the surface layer affected by the passage of the hot gases 
(Fig. 67). The fine structure extended to an average depth of 
0-018 in., and the metal affected must have been heated at least 
to the upper limit of the critical range (Acs, or 900° C.). 

Hvidence of the Molten Condition—Examination of the vent 
often revealed the presence of a ridge of metal—or in some 
instances a thin layer—covering the lower part of the exit end 
of the vent plug. This layer was sometimes detachable, and 
was found to have taken an impression of machining or stamp- 
marks on the surface of the vent plug. Thus, Fig. 70 shows a 
flake of metal detached from the end of a mild steel vent, which 
clearly shows the letters “ MS” with which the vent was stamped. 
Pressure was not acting on the vent at this position, and the only 
explanation of the behaviour of the steel is that molten metal 
was ejected through the vent hole, and that some of it trickled 
down and solidified on the outside of the vent plug. The con- 
clusion that molten metal is removed is supported by the micro- 
structure of a number of these deposited particles or layers, all 
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of which showed structures consistent with the supposition that 
they had been cooled rapidly from the melting point (Fig. 71). 

A 10-mm. diam. vent of nickel steel (CFW), through which 
five charges, each of 1500 grains of cordite M.D. 24, had been 
fired, showed evenly spaced ridges of metal along its length of 
the type shown in Fig. 58 (Plate XVIII.). In the sectioned vent 
the ridges showed an irregular edge, suggesting that a thin layer 
of the surface had been melted and swept forward by the rush 
of gas (Figs. 54 and 55). 


Hrodibility and Melting Povnt. 


Pure metals melt at a constant temperature, but steels and 
alloys in general have a melting or freezing range of temperature 
within which the material is partially molten and offers practi- 
cally no resistance to shearing stress. . Table XVI. summarises 
information relating to several types of material examined in 
the erosion vent trials. 


Taste XVI.—Erodibility and Melting Pownt. 


: Relative | Melting Point. | eee Snore 
Material. (able TIL) ° 0, Be De 

Pure iron . - . <4-0 1530 Nil 
Carbon steel (0:16% C) > 4-0 1500 30 
Carbon steel (0:4% C) 4-5 1475 65 
Nickel F : : 7-0 1452 Nil 
36% nickel steel . iii) 1457 10 
Stainless steel 9-0 | 1490 Small 
Austenitic steel . 11-0 1450 M. 
Monel metal 13-0 1360 40 
Copper 15-0 1084 Nil 
70/30 brass 23-0 940 35 


It indicates that the melting point is one of the fundamental 
factors governing the resistance of a material to gas erosion—a 
conclusion which is in agreement with those of other investigators 
who have carried out erosion vent experiments. Nickel and 
36 per cent. nickel steel occupy an anomalous position in the 
table ; judged by the melting point alone they should be at least 
as erodible as stainless steel. Trodibility is evidently not a 
function of the melting point alone. The latent heat of fusion, 
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the specific heat and thermal conductivity at high temperatures 
are bound to be of importance, although their exact values are 
unknown and their relative effects difficult to assess. The specific 
heat and thermal conductivity are similar to those of iron, but 
the high latent heat of fusion of nickel (78 cal. per grm. compared 
with 52 for iron *) would reduce the amount of nickel removed 
by melting, and the same probably holds for the 86 per cent. 
nickel steel. The values of these constants for all the ordinary 
steels are similar, and it seems probable that none of them has 
sufficient influence to override the importance of high melting 
point. The thermal conductivity of stainless steel is only about 
half that of carbon steel ; this would lead to a steeper temperature 
gradient and greater erosion. In the opposite direction the high 
thermal conductivity of copper (approximately 9 times that of 
nickel and iron) may help to account for the fact that its relative 
erodibility is less than would be expected from a consideration 
of the melting point only. 


MECHANISM OF HROoSION. 


The Principal Action of the Gas in removing Metal in the Molten 
Condition, and rts Subsidiary Effects in producing a Hardened 
Skin and Surface Cracking. 


The life of a gun in relation to erosion by the hot gases gene- 
rated by the propellant may be briefly summarised as follows : 

In those parts of the bore in which erosion occurs a very thin 
layer of the surface is melted and swept forward by the rush of 
gas. Though the heating period is very brief, the steel immedi- 
ately below the melted layer is heated above its critical range, 
and its constituents mutually dissolve to form a solid solution 
—austenite. The subsequent cooling of the hot layer by the 
conduction of heat to the mass of the tube is so rapid that the 
steel is caught in the martensitic or fully hardened condition. In 
the following round the same temperature cycle is repeated, and 
the surface layer is annealed, eroded, and re-hardened by the 
subsequent cooling. Thus the actual surface exposed to the gas 
is (after the first round) independent of the initial condition of 
the steel as regards heat treatment. 


* “ International Critical Tables,” vol. ii. p. 458. 
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The cooling of the bore by conduction is accompanied by 
cracking induced by thermal contraction and constitutional 
volume changes which occur in the surface layer. In the lands, 
which possess greater rigidity in a longitudinal than in a transverse 
direction, the induced tensile stresses are mainly longitudinal, and 
therefore cracks running in a transverse direction predominate 
on their surfaces. he rigidity of the metal in the grooves is no 
greater in the longitudinal than in the transverse direction. The 
surface fissures in the grooves and in the chamber form a fairly 
uniform network, the longitudinal cracks becoming progressively 
more prominent under the action of the forward-moving gas. 

The cracks usually extend to a greater depth than the hardened 
skin. The wedge action of copper, forced into the crack opened 
up by gas pressure, assists in extending the crack. The depth 
of cracking is greater in carbon steels than in alloy steels, which 
offer great resistance to the spread of a crack. Cracking may 
assist erosion and wear by presenting a roughened surface to the 
action of the hot gases, so promoting transfer of heat, and also by 
causing particles to flake off from the bore under the mechanical 
action of the rush of gas and under the abrasive action of the 
driving band. 

At some stage in the life of the gun, scoring or severe localised 
erosion may set in. The initiation of this stage may be due to 
currents induced by the change of cross-section of the stream of 
gas on passing from chamber to bore, and by the presence of the 
projectile. Subsequently, scormg may be very rapidly developed 
by an actual escape of gas past the driving band. This may be 
due to imperfect centring of the projectile or, later in the life of 
the gun, to the presence of deeply scored channels which are not 
effectively sealed by the driving band. Scoring in well-designed 
high-power guns of large calibre is rare. 


The Unimportance of Chemical Action. 


It has been suggested that chemical action may play an 
important part in the erosion of guns; oxidation,* carburisation,T 
and nitrogenisation { have each been suggested as factors in 
erosion. Microscopical evidence is strongly against these theories, 


' * Fay.(s) + Fay,@2) de Sveshnikoff,@) Graziani,42) 
+t Fay,(2) Wheeler.(6, 37) 
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and there are really no grounds for supposing that chemical 
action can exert much influence on the progress of erosion 
by modern propellants.* Results of analyses of the surface of 
the bore are affected by the presence of material possibly con- 
taining carbon and nitrogen in the fine surface cracks, and argu- 
ments based on chemical analysis may be misleading. A hardened 
skin can be formed to a considerable depth in one round, and 
the time of contact with the hot gases is too short to allow the 
penetration of carbon or nitrogen to the full depth of the skin. 
Moreover, after annealing or normalising, the hardened skin 
shows a structure identical with that of the rest of the tube 
(Figs. 72 and 78, Plate XXII). 

An allied theory states that erosion is due to alternate solution 
under high pressure and temperature, and sudden release of the 
propellant gases, causing mechanical disruption of the surface of 
the bore.t It is known that iron or steel in a fine state of division 
can occlude a large amount of propellant gas under conditions 
obtaining in closed vessels (involving a much longer time of 
action of the gas than in a gun), but there is no evidence that the 
gas is released at atmospheric temperature in a manner likely 
to cause disruption of the surface. On the other hand, an 
appreciable time at a raised temperature is required to drive off 
the gas.t 

The evidence of experiments with vent plugs eroded by the 
passage of gas from a propellant fired in a firing vessel leads 
definitely to the view that the removal of metal from the bore of 
the vent takes place by melting, the molten metal being swept 
off the surface by the rush of gas. ‘There seems to be every reason 
to consider that the same effects predominate in the erosion of 
a gun. 


The Diminution of Importance of Frictional Wear as the 
Calibre Increases. 


In addition to the action of gas, the frictional wear by the 
projectile is a factor which must not be overlooked in considering 
the life of a gun. The occurrence of metallic fouling in small 
arms and of coppering in guns points to a condition of “‘ seizing ” 

* Howe,(@3) Piantanida.(26) t+ Klever.@8) 

{ T. C. Sutton and H. R. Ambler, ‘‘ Abnormal Absorption of Gases by Steel,” 


Transactions of the Faraday Society, 1926, vol. xxii. p. 406; Journal of the Iron 
and Steel Institute, 1926, No. II. p. 662. 
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between the bore and the bullet envelope or driving band during 
its passage down the bore. The conditions of high contact 
pressure, rapid acceleration, and absence of effective lubrication 
are such as to lead to severe frictional effects, which would be 
intensified by the roughening of the surface due to cracking of 
the hardened skin. The removal of metal from the bore by 
friction is indicated by the effect of material and design of bullet 
envelopes and of driving bands on the rate of wear of small-arm 
barrels and of gun tubes. In general, the frictional effect appears 
to be greatest in small arms; it is of some consequence also in 
guns of small and medium calibre, but it rapidly diminishes in 
proportion to the erosion due to gas action only as the calibre 
increases. 

As an indication of the increased transfer of heat to the metal 
in large guns, it is significant that the thickness of the hardened 
skin is greater the larger the calibre. In a 16-in. gun it is nearly 
twice as thick as in a 12-in., while in the latter it is 4 or 5 times 
as thick as in an 18-pdr. gun (8-3-in.), and more than 10 times as 
thick as in a rifle or machine-gun barrel. 

The time of action of the gas is longer the greater the calibre, 
and as, in addition, the ratio of weight of charge to surface of 
bore increases very rapidly with an increase of calibre, the flow of 
heat across the surface of the bore increases in a similar manner. 
On the other hand, the driving band thrust per sq. in. is similar 
for all guns. It is therefore likely that the proportion of the total 
erosion due to fusion of the surface (to resist which a high melting 
point is required), as opposed to mechanical action (to resist 
which strength is necessary), 1s greater in big guns than in guns 
of medium and small calibres. In a rifle or machine-gun the 
strength may thus be a more important factor than the melting 
point. Wear tests of Japanese infantry rifles reported by Okochi 
show that barrels of low-carbon steel (with the highest melting 
point) have a shorter life than those of alloy steels, which have 
better mechanical properties. A 18 per cent. chromium “ stain- 
less ”’ steel of high tensile strength was found to give an unusually 
long life in a machine-gun during trials carried out by the Munitions 
Inventions Department in 1918.* Wear in a rifle or machine-gun, 


* American experience with stainless steel rifle barrels is less promising than 
this isolated trial suggests ; see H. O'Leary, “Stainless Steel in Small-Arms, 
Army Ordnance, 1928, vol. ix. p. 172. 
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therefore, does not follow the results of erosion vent experi- 
ments, and is probably less reliable than these as a guide to the 
rate of erosion in large guns. The relative lives of small guns 
which have fired cordite Mark I., cordite M.D., or N.C.'T. (approxi- 
mately 1 to 2-5 to 4), bear a closer correspondence to the behaviour 
of erosion vents fitted to closed vessels in which these propellants 
have been fired. It has, however, been found in these guns that 
extreme softness of the steel of the mner tube conduces to a short 
life. This is probably owing to the occurrence of abnormal ex- 
pansion, since the rate of increase of diameter is greatest in the 
first stage in the life of such guns. Hence, mechanical strength 
of the tube, and especially strength of the built-up gun as a whole, 
cannot be disregarded, but it seems likely that, in a big gun, when 
the requisite strength has been ensured, further improvement of 
resistance to erosion of the inner tube can only be secured by the 
choice of material with a higher melting point. 


CONCLUSIONS. 


It seems most probable that the erosion occurring in large 
guns is almost wholly due to the melting and sweeping away of 
metal from the bore surface by the rapid stream of highly heated 
propellant gas. The amount of metal removed in this way is 
dependent on: 


(1) The nature of the propellant, the calibre and ballistics of 
the gun (which determine the weight of the charge, the 
temperature of the gas, the velocity of the stream, and 
the length of time during which erosive action persists), 
and 

(2) The physical properties of the metal—that is, its melt- 
ing point, specific heat, latent heat of fusion, thermal 
conductivity, and characteristics of the metal surface 
affecting the rate of transfer of heat from gas to metal. 


It will be noticed that surface cracking (though it is a con- 
dition which affects the rate of transfer of heat from gas to metal) 
is not specifically mentioned. It is considered that the surface 
cracking of steel due to heating and cooling through the critical 
range 1s not in itself a cause of erosion, and that erosion would 
not necessarily be reduced if such cracking were eliminated. The 
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indication of erosion vent experiments is that some kind of 
cracking 18 inevitable, and that if metals with no thermal 
critical points were employed intercrystalline cracking at high 
temperatures would still be likely to occur. 

Of all the properties of the metal, the melting point appears 
to be the one having the greatest effect. Since the other physical 
properties are similar for all kinds of steel, it would appear that 
the property most essential in a gun steel to ensure high resistance 
to erosion is a high melting point. 

Hrosion vent experiments reveal Armco iron (that is, iron 
of the highest purity) as the material showing least erodibility. 
This confirms the general conclusions of several previous investi- 
gators in favour of mild steel, but the mechanical properties of 
such a material are unsuitable for withstanding the stress on the 
lands of a gun, and its use would almost certainly lead to choke 
of the bore and distortion of the lands. There is no metal or 
alloy of suitable mechanical properties for gun construction with 
a higher melting poimt than pure iron. lHven if the mechanical 
properties of iron were suitable, the utmost advantage to be 
expected from its use is a reduction of erosion of about 10 per 
cent., which is small compared with that which should be 
attaimable by the use of a cooler propellant. 

Thus the use of a cooler propellant affords the only practicable 
method of reducing erosion, With any given propellant, however, 
the effects of erosion may be reduced to a minimum by attention 
to gun design, material, and building. This involves a correct 
design of the chamber, to avoid, as much as possible, the vena 
contracta effect, so minimising localised erosion near the com- 
mencement of rifling. Abnormal expansion of the tube or other 
deformation of the surface of the bore in the early stages of the 
life of the gun should be avoided by adequate strength and 
rigidity of the gun as a whole and by the use of a steel selected 
from among those giving a low figure of erodibility in erosion 
vent trials, but heat-treated to give a high yield point,and good 
mechanical properties. 


The authors wish to express their thanks to Dr. H. Moore, 
O.B.E., for his active interest, and for many helpful suggestions 
made during the course of the work. 

1929—i. M 
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DISCUSSION. 


Colonel N. T. Benatzw, C.B. (London), congratulated the authors 
on their very important piece of work. Many matters were exhaustively 
treated by the authors, and it was impossible, in a brief survey, to 
refer adequately to all of them. A very important one—and it seemed 
as if it appeared to the authors to be the corner-stone of their deductions 
—was their explanation that the most important factor contributing 
to erosion was neither the appearance of fissures and the subsequent 
cracking of the inner surface of the gun, nor the mechanical action of 
the gases, but the liquefaction of a certain surface layer and the conse- 
quent washing away by the hot gases of that surface layer. It seemed 
to him that it was still to be demonstrated that the same liquefaction, 
to the same extent, was to be observed in medium-sized and large 
calibre guns. He reminded the members that Sir W. C. Roberts- 
Austen had been of the opinion that there was no evidence of fusion.t 
As against that he would quote some words of Professor Tschernoff, 
who had made a life-long study of all questions appertaining to erosion. 
Tschernoff, in his paper “On the Erosion of the Bore in Steel Guns,” 
said that “in small calibre guns and in machine-guns (in small arms) 
the heating of the inner surface of the bore was accomplished so quickly 
that the upper layer of the metal was heated above the melting tem- 
perature, and was literally washed away by the rushing gases.” Thus 
Tschernoff described what he had observed in machine-guns and in 
small calibre guns in more or less the same words as the authors did. 
The only difference was that the authors believed that the melting 
always occurred in every gun. Tschernoff was of the opinion that 
such melting did occur in certain guns—in machine-guns and in guns of 
the smaller calibres. He (Colonel Belaiew) therefore asked the authors 
to state whether they were quite convinced that there was sufficient 
proof that liquefaction of that upper layer could be definitely shown 
in big calibre guns. 

Tschernoff had been a member of the special Commission on the 
Erosion of Guns. He himself had also served on that Commission for 
several years. They had had before them extensive material; and 
they came to the conclusion that the heating above the melting point 
did not always occur. Tschernoff’s view was that the first phase of 
erosion in any gun was the formation of a network of fissures caused 
by volume changes. He considered the barrel of a gun as an agglo- 
meration of a large number of “ elements’? which were very rapidly 
heated and drastically cooled afterwards ; he even called his theory a 
physical geometrical theory, because it was based on the volume changes. 


* Journal of the Iron and Steel Institute, 1898, No. IL. p. 235. 
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Tschernoft’s opinion had further been that a gun barrel of any material 
—not necessarily of such a material that would undergo changes at 
the critical points—when subjected to that drastic heat treatment 
would always show that change of volume, and, as a result of such 
cyclical changes, fissures and subsequent cracks would appear. Only 
after that, in what he considered to be the second phase of erosion, 
did Tschernoff admit the importance of the mechanical action of gases 
in washing away some of the particles and in creating those large rows 
of longitudinal cracks, or, in some cases, the additional effect of melting. 

With regard to the remedy, in the first instance Tschernoff stated 
that the most important remedy lay in the properties of the propellant. 
The Russian artillery were using propellants with a rather lower com- 
bustion temperature than Great Britain ; nevertheless the temperature 
of those nitro-cellulose propellants had been high enough to cause grave 
apprehension, and Tschernoff had had to induce the chemical engineers 
to reduce the temperature of the combustion of the propellant and to 
discover propellants which would increase the life of a big gun by 20 
or 30 per cent. Soon that point, too, there was no difference of opinion 
between Tschernoff and his pupils (Generals Trophimov, Hermonius, 
and Krylov) and the authors of the present paper. 

The authors took a rather gloomy view of the metallurgical possi- 
bilities of fighting erosion. They went so far as to say that there was 
no metallurgical remedy for the erosion of guns. That, of course, was 
quite in keeping with their theory. On the other hand, Tschernoft’s 
theory, which attached great importance to the volume changes, did 
envisage the possibility of metallurgical remedies, because if once it 
were admitted that it was important for all those elements which were 
undergoing those drastic heatings and subsequent coolings not to 
develop very large fissures, it would be seen that a material with a high 
coefficient of expansion would stand better than a material which was 
not plastic, and from that point of view such metals as copper, nickel, 
and pure iron were much better. Therefore the same results at which 
the authors arrived on the basis of the latent heat and of the melting 
point would also be arrived at from the point of view of the mechanical 
properties of those materials. 

In order to impress the importance of the metallurgical side— 
but always keeping it secondary in importance to the propellants— 
Tschernoff demonstrated the appearance of those cracks in every metal- 
lurgical operation which was more or less analogous to the action of 
gases in the gun; for instance, he always showed during his lectures 
hot-stamping stamps and dies which were covered by exactly the same 
fissures and cracks as a big gun. In order to impress upon his hearers 
the importance of producing material which would contract and expand 
in a certain way, he even showed specimens of clay which had been 
similarly affected by cracks as a result of the volume changes. 

Therefore, whilst he (Colonel Belaiew) warmly congratulated the 
authors on their work, which he considered was one of the most 
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important contributions to the question, he would ask them, on the 
one hand, to produce more evidence of the appearance of liquefaction 
in barrels and guns, and, on the other, to show definitely that erosion 
did not generally start by a network of fissures and cracks but by the 
melting of the thin layer of the inner bore surface. 


Professor T. TuRNER (Member of Council) said that Colonel Belaiew 
had referred to the fact that cracks were produced in other cases 
similar in character to those mentioned by the authors. A common 
example in the trades in the Midlands was the steel dies used in hot- 
stamping. Those had often been brought under his notice, and he 
had conducted some experiments to follow up the production of those 
cracks and, as far as he could, to discover their cause. The base of 
the steel die was at a relatively low temperature. On the surface of 
the die was placed a piece of red-hot brass ; it was certainly above the 
lower change point in steel. The hot brass was struck rapidly and 
then removed; an interval elapsed, and another piece was treated 
in the same way. There was therefore a constant repetition of tempera- 
ture change. After some time small cracks began to develop in the 
steel, and they became deeper and deeper until at last a piece actually 
came away and the die became useless. Those cracks were very similar 
to those which were observed in guns; in fact, the photographs and 
microsections in the paper might very well pass for cracks in hot- 
stamping dies. 

With reference to the erosion and the melting of a film of the metal, 
if the surface were first roughened in that way, it could be understood 
that not only would erosion take place, but the small particles might 
very rapidly fuse; he suggested that the fusion might be due, not to 
the taking off of a uniform layer, but to the taking off of particles 
which had already become roughened. 


Dr. W. H. Hatrietp (Member of Council) remarked that he felt 
that the research described was extremely complete and that there 
was plenty of evidence for the authors’ conclusions. He was glad to 
see the publication of the work, because it did put on a very firm basis 
for the future the prevalent views with regard to the matter. When 
one had in mind the conditions of temperature and of pressure—not 
forgetting the possibilities of chemical action—it was readily conceivable 
that the metal would be removed in the manner suggested by the 
authors. Looking at the problem in an empirical way, it was a fact 
that, whereas before the war and up to its early stages erosion had 
been regarded as a fundamentally important subject for people like 
himself who were engaged in research in that field, by the middle of 
the war they had been taught to regard the question of the erosion of 
guns as being of less importance than had previously been supposed, 
because during the war the life of gun tubes of a number of types had 
been found to be far greater than had been anticipated. That was a 
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statement of fact, and had a bearing upon what the authors had to 
say. It simply meant, to his mind, that since those gun tubes which 
had served so well had been, in a generic sense, made of the same 
material as those which, in particular cases, had not served so well, 
the cause of the drastic erosion which, in specific cases, had taken place 
was due to some other cause than the characteristics of the steel of 
which the gun tubes had been made, and the members had had put 
before them in a most concise way, with the support of excellent 
experimental evidence, the authors’ explanation, which he had every 
confidence in accepting. 


Dr. H. Moor, O.B.E. (Research Department, Woolwich), said 
that his views were substantially identical with those of the authors ; 
he wished, however, to emphasise one or two points. The subject of 
the erosion of guns had been the happy hunting ground of the specu- 
lative theorist for many years. Those who were familiar with the 
literature of the subject, or who had glanced through the bibliography 
at the end of the paper, would have noticed the remarkable variety 
and number of explanations of the mechanism of erosion. The chemical 
theories of nitrogenisation, of carburisation, of oxidation, and so on, 
had been based on what he thought was very thin evidence indeed. 
From some of the papers one might imagine that it was enough to 
provide an industrious metallographer with a piece of a worn-out gun, 
in order to obtain, in the course of a few weeks, a complete theory of 
erosion, and probably the remedy as well. It was hardly necessary 
to record that such remedies had proved quite illusory. The present 
paper was of an entirely different standard; it was based on many 
years of patient observation of the erosion of guns, which the authors 
had had peculiarly good opportunities of studying, and on a large 
amount of well-designed experimental work. The conclusions arrived 
at by the authors deserved far more serious consideration than the 
bulk of the papers already published on the subject. 

He had mentioned a few of the more speculative theories of erosion, 
but there were two or three others which, perhaps, merited a little 
more attention. Erosion was accompanied by a number of curious 
and interesting phenomena—the formation of a hardened skin on the 
surface of the bore, the early development of a network of cracks in 
that hardened skin, and the penetration of the cracks below the 
hardened skin. The obvious thing was to consider that the hardened 
skin, and the cracks that developed in it, were to a large extent the 
cause of erosion. At Woolwich they had come to precisely the opposite 
conclusion—that those accompaniments of erosion had probably little 
or no effect on the development or progress of erosion. Personally 
he would go rather farther than Dr. Greaves in that respect ; he doubted 
whether the fissures and the hardened skin really influenced erosion 
—the ordinary erosion which took place at a maximum at the com- 
mencement of rifling—to any appreciable extent. 
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One aspect of the matter which the authors had made very clear, 
but which he found confused a number of metallurgists with whom he 
had discussed the subject, related to the view that erosion was largely 
due to leakage of the gas past the driving band—between the driving 
band and the bore of the gun. That view had been developed some 
thirty years ago by Vieille, having been first suggested a good deal 
earlier by a previous worker, and it had been adopted by a number of 
writers onthe subject since. The theory, that the main cause of erosion 
was leakage of gas between the driving band and the bore of the gun, 
was entirely untenable. Erosion was at a maximum at the com- 
mencement of rifling, and at that position, while the driving band was 
there, the pressure was so low that very little erosion would take place 
through the escape of gas at that pressure. Another point was that 
the driving band naturally sealed best on the lands of the gun, and the 
spaces which existed between the driving band and the bore of the 
gun were at a maximum in the grooves. That would naturally lead 
to the expectation that erosion caused by the escape of gas through 
those passages would be at a maximum in the grooves and at a minimum 
on the lands. But quite the opposite was the fact; the erosion was 
at a maximum on the lands and at a minimum in the grooves. Then, 
at the position reached by the driving band at maximum pressure, 
which, in different guns, might be anything between a distance of 3 
and 12 calibres along the gun from the initial position of the projectile, 
there was comparatively little erosion compared with that which took 
place at the commencement of rifling, yet at that position—the position 
of maximum pressure in the gun—the spaces between the driving band 
and the bore were undoubtedly much greater than they were at the 
commencement of rifling, and the pressure was of such an order that 
the erosion ought to be enormously greater. Those considerations 
alone indicated that the erosion which wore out large high-power guns 
was not caused by leakage of gas past the driving band. 

He considered that the authors had proved their conclusions as 
well as conclusions on such a problem could be proved. The difficulties 
of experiment on the subject were extremely great. A full-sized 
experiment was so costly. as to be out of the question ; for example, 
one could not take out the tube of a large gun and cut it up at stages 
to follow the progress of erosion. He thought that the evidence 
pointed so strongly to the conclusion that erosion consisted in the 
melting at each round of.a thin layer on the surface of the bore and 
the removal of that thin melted layer by the rapid flow of hot gas, 
that that conclusion was bound now to be accepted. 


Professor F. C. Toompson (Manchester) did not think that anybody 
could examine Table XVI. without realising that the authors had made 
out a very strong case for their theory. He thought, too, that the 
table was of interest in another connection. If he had understood him 
rightly, Colonel Belaiew had said that Tschernoff’s view was that the 


CORRESPONDENCE ON GREAVES, ABRAM, AND REES’ PAPER. 173 


erosion was due, mainly at any rate, to the development of cracks 
as the result of heating and cooling. If that were the case, although all 
material on heating and cooling would be subjected to thermal stresses, 
and, therefore, would tend to crack, one would perhaps expect that the 
tendency would be greatest in a material which showed, in addition to 
the ordinary thermal effect, volume changes due to the critical points, 
and be less in the case of a material where the thermal effect only was 
operative. One could test that conclusion from Table XVI., since 
the authors had among their materials an ‘“ austenitic steel,” and 
a 36 per cent. nickel steel, both of which fitted in well with the general 
melting-point/erodibility relation. The evidence, then, was certainly 
in favour of the authors’ view of the origin of the erosion, rather than 
the view that it was due to the volume changes. 

There was what seemed to him to be a critical way of differentiating 
between the two theories. The authors had shown that pure iron was 
the material which was most resistant to erosion of that type. If they 
determined the erosion of an ordinary gun steel by their vent test, 
and then plated on to the same material a layer, of appropriately small 
thickness, of electrolytic iron, heat-treating it if necessary to get it 
into a soft condition beforehand, and tested it, they would then have 
two identical vents, apart from the actual iron surface, and the volume 
changes, one would imagine, would be very much the same in each case. 


CORRESPONDENCE. 


Professor J. H. ANDREW (Glasgow) wrote expressing his conviction 
that the authors’ explanation of their data was substantially correct. 
Their micrographs were extraordinarily good, and in every case seemed 
to bear out the construction put on them by the authors. He was 
particularly interested in the thin martensitic layer which formed 
even after the first firing of a gun, and he would appreciate the authors’ 
comments on the following point. Was that martensite brought about 
by the quenching of a liquid layer? He thought it extremely probable, 
for it was difficult to imagine that in any section of the tube, heated 
momentarily above the Ac, by the sudden heat generated by the firing, 
the resulting structure would be martensitic. Limiting the argument 
to but one round of firing, the time during which any section of the 
tube was above the Ac, temperature would be too brief to allow of 
diffusion of carbon to be brought about. Whilst the «—y transforma- 
tion might be spontaneous, diffusion of carbon must require a, definite 
time to take place, and would only be expected to arise provided the 
steel had been melted. 


General EH. Hermontus, K.C.M.G. (Plzen, Czechoslovakia), wrote 
that he had been studying the question of erosion for some thirty years. 
He started his researches at the Ijevsky Steelworks (in the Ural) on 
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guns worn out in service and sent to the works for remelting. Every 
gun was cut normally to the bore and also longitudinally, and its whole 
surface was carefully studied. The conclusion arrived at was that 
erosion had been due to a sweeping away of a thin layer of the inner 
surface of the bore by a whirlwind of hot gases driving forward the 
projectile and partly escaping past the driving band. The velocity 
of the gases must have been about 1000 m. per sec., their temperature 
from 2500° to 3000° C., and their density only 4 or -45 of that of water. 
It did not seem to be of material importance whether particles of the 
inner surface of the bore were washed off by the stream of gases before 
or after they began to melt, but, in point of fact, the writer considered 
it improbable that a whirlwind of such tremendous velocity and power 
would give a chance to many particles in its path to melt before tear- 
ing them off and carrying them away. ‘The writer considered it 
most likely that torn-off particles would be melted down later on in 
the stream of hot gases, but he did not think that melting preceded the 
tearing action of the gases. Had melting of the inner surface of the 
bore occurred, there would always remain traces of it on the chamber 
or on the back of the projectile, but such occurrences had not been 
brought to the writer’s knowledge. He (the writer) was not convinced 
that the vent experiments provided evidence of the molten condition ; 
he thought that the letters shown in Fig. 70 could have been stamped 
just as well on red-hot metal. 

He believed that the most important escape of gas occurred before 
the driving band of the projectile had been driven into the grooves ; 
if that escape could be avoided the life of a gun would be doubled or 
trebled. After the driving band had filled in the grooves there still 
remained many cracks between the lands and the band, and they led 
to a further gas escape. 

It seemed that the authors did not discriminate sufficiently between 
cracks of different nature and origin—that is, between the network of 
fissures covering the bore at the outset of erosion, and the more pro- 
nounced longitudinal cracks due to the mechanical action of the stream 
of gases. The theory of Professor Tschernoff attached importance 
to those two kinds of cracks and to the two corresponding stages of 
erosion. 


Mr. T. H. Wexster (Glasgow) wrote: I think that the authors 
have made an important contribution to the knowledge of their subject. 
I myself saw some of the experiments on “erosion bolts”? made by 
the late Sir Andrew Noble about the year 1910, and saw a 0-2-in. hole 
(the size he used in nearly all of the experiments) washed from 0:45 
to 0-5 in. in one explosion. The vena contracta effect near to the 
commencement of the orifice—the diameter of 0-35 in. opened out 
into a chamber about 2 in. long with a diameter of about 0-5 in.; the 
diameter then successively contracted and opened out again—was most 
marked, 
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In his book “‘ Modern War Methods,” Schwarte gives a brief 
description of the German long-range gun used in the bombardment 
of Paris. It may be safely asserted that this gun was one of the most 
unusual so far manufactured, inasmuch as the volume of charge, 
367 Ib., was the largest ever used in a gun of its size, while the pro- 
jectile weighed 220 lb.; also, the time that the projectile was in the 
bore was longer than for any other gun, because of the enormous 
velocity attained. Schwarte states that the ramming and volume of 
the chamber altered to such an extent from round to round that a 
corresponding increase in the charge was necessary to allow for the 
change in the density of loading, so as to produce as far as possible a 
constant muzzle velocity of 5250 ft. per sec. This shows that in the 
German long-range gun the erosion must have been very heavy near 
to the commencement of rifling, and tends further to verify the authors’ 
conclusions, inasmuch as the intense heat generated by this large 
volume of gas rushing from the chamber and scrubbing over the slight 
corner at the commencement of rifling would melt the steel locally, 
and this would be accentuated by the length of time during which 
this operation was going on. It further tends to show that the gun 
did not become useless because of the high rubbing velocity of the steel 
projectiles on the steel gun near to the muzzle, but because of the 
excessive erosion near to the commencement of rifling. Schwarte’s 
statements, together with the facts recorded by the authors, seem 
to prove that on all guns a long forward taper on the chamber is 
desirable. 


The AuTHoRS, in reply, stated that they were very pleased to have 
had a contribution from Colonel Belaiew because, on account of his work 
on the subject and of his close association with Professor Tschernoff, 
all the views which he expressed were worthy of serious consideration. 
Regarding Colonel Belaiew’s question, they had to confess that they 
had not got direct proof that melting occurred in the sense that they 
could produce the molten metal. The whole thing was really an 
inference—they thought an entirely justifiable inference—from several 
lines of argument. The vent tests might be used not only to measure 
erodibility of a steel, but also to measure the erosive character of a pro- 
pellant, so that one might get out a figure for the erosive character of 
various propellants. It was found that the life of larger guns (upwards 
of 4-in. or 6-in.), firing different propellants, was more or less inversely 
proportional to the erosive effect of the propellant as measured in a 
vent trial. There being a correspondence between the life of a gun 
and the erosive character of the propellant, it seemed likely that the 
conditions of the metal surface which were known to exist in the vents 
were also existent in the gun. There was the general inference also 
that if, as Professor Tschernoff believed, there was some melting in the 
smaller guns, then since it was certain that the heat effect in a bigger 
gun was very much greater in proportion to the surface exposed, all 
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the more was it to be supposed that there must be melting in the larger 
gun. Arguments of that kind had convinced the authors that the 
vent tests were really a good measure of erosion in the larger guns ; 
they did not say in machine-guns, because frictional effects and 
mechanical properties came in more in those than in the big guns. 

Professor Turner’s remarks had been very welcome. ‘There was, 
in the authors’ opinion, only one way in which the surface cracking 
might contribute to erosion: it might affect the rate at which heat 
was absorbed on the surface. There might be a faster transfer of heat 
to a cracked than to an uncracked surface, with consequent quicker 
melting—which, they believed, Professor Turner suggested. They were 
glad to note that Dr. Hatfield had given them his general support. 
They agreed with Dr. Hatfield as to the present situation of the problem 
of erosion. 

The authors were very grateful to Dr. Moore for his contribution, 
and more so for the constant advice which he had given them through- 
out the work. The work was really based on an investigation which had 
been in progress for many years before the authors joimed the Research 
Department, Woolwich ; it had just happened that Dr. Moore had not 
been able to carry it on, and had delegated it to themselves. 

Professor Thompson’s contribution was interesting, but the 
experiment which he suggested would not be conclusive. Professor 
Thompson had suggested the use of a composite vent, with a layer of 
iron. In that layer both the erosion and volume changes would take 
place. It would simply be a test on the iron layer at the bore. They 
thanked Professor Thompson for his comments on Table XVI., with 
which they agreed. 

Professor Andrew’s suggestion that the martensitic layer had been 
formed from steel in the molten condition was not borne out by 
observation. The metal on the surface which was actually molten 
was in all cases removed by the rush of gas. When ferrite was present 
in the structure, it persisted undissolved in the hardened skin (Figs. 10, 
15, and 16). A similar heat effect on mild steel and on Armco iron 
caused a change in the surface layer which was consistent with heating 
above Ac, but not with melting (Figs. 67 and 68). Mutual solution of 
the ferrite and carbide in a pearlitic or sorbitic structure could apparently 
take place with great rapidity, giving martensite on cooling. 

The authors were indebted to General Hermonius for his interesting 
comments. The evidence for melting was dealt with in the reply to 
Colonel Belaiew, but General Hermonius raised the further question 
as to whether melting actually occurred in an erosion vent test. The 
authors claimed to have direct evidence that melting did occur in the 
vents. The letters shown in Fig. 70 were not produced under pressure ; 
the flake was detached from the lower wall of the free end of the vent, 
where the metal must have taken up its form solely under the action 
of gravity. The appearance of the vents (Fig. 55) supported the idea 
that melting had taken place. It was of frequent occurrence for metal 
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which had escaped being blown away to trickle over the lower forward 
end of the vent. 

Objections to the theory that the main cause of erosion was leakage 
of gas past the driving band were put forward very clearly by Dr, 
Moore in his contribution to the discussion. 

Colonel Belaiew and General Hermonius both held that volume 
changes and resulting cracking occurred in the steel as a condition 
precedent to erosion, while the authors held that such volume changes 
and their results were merely accompaniments of erosion. Measurements 
of the increase in diameter of 8-in. and 16-in. guns at short intervals 
proved conclusively that there was as much loss of material from the 
surface of the lands by erosion in the first 5 rounds as in the next 
5 rounds, and that the loss per round remained constant for a con- 
siderable period of the life of the gun. In one instance in which more 
detailed examination was possible after 3 rounds, the hardened skin 
was fully developed, but the surface cracking was barely initiated, 
though the loss of steel per round from the surface had been normal for 
that type of gun. There was, therefore, no “ network of fissures covering 
the bore at the outset of erosion”’ as General Hermonius suggested, 
because erosion started at the very first round. The formation of a 
network of fissures certainly preceded “ scoring,” a condition which the 
authors carefully distinguished from general erosion, and which they 
held could be avoided by efficient obturation and good design, material, 
and building. 

The authors desired to thank Mr. Webster for drawing attention 
to a number of interesting facts which afforded support to the views 
they had expressed in their paper. 
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THE INFLUENCE OF PICKLING OPERATIONS 
ON THE PROPERTIES OF STEEL.* 


By H. SUTTON, M.Sc. (Farnporovau, HAMPSHIRE). 


INTRODUCTION. 


Ir has long been recognised that when steel is pickled it is liable 
to become brittle. Johnson investigated the embrittlement of 
wrought iron and steel wires by pickling in acids or by treatment 
as the cathode in an electrolytic cell. The wires regained their 
ductility after standing for several days at the ordinary tem- 
perature, and more rapidly at elevated temperatures. Johnson 
attributed the. embrittlement to the occlusion of hydrogen by 
the steel. Ledebur® and more recent investigators arrived at 
the same conclusion. 

Fuller showed that hydrogen readily penetrated iron at 
temperatures of 20° to 100° C., whether the iron were pickled 
directly in 1 per cent. sulphuric acid or were made the cathode 
in such acid. He explained his results by assuming that the 
initial penetration was due to the presence of atomic hydrogen, 
which subsequently associated within the metal to form molecular 
hydrogen. The pressure set up by the accumulation of the latter 
was suggested as the cause of the brittleness of pickled iron. 
Langdon and Grossman “ found that the ability of steel rods to 
withstand alternating stresses was reduced enormously by pick- 
ling in acids. Andrew studied the embrittling effect of caustic 
soda on iron, and Jones ® that of sodium and potassium salts. 

Edwards“ has studied the influence of inclusions on the 
occurrence of blisters during the pickling of steel in acids, the 
passage of hydrogen through steel sheets during pickling, and 
the prevention of diffusion by electrolytic pickling and by means 
of oxidising agents. 

Pfeil has recently made a valuable contribution to our 
knowledge on the subject of the influence of hydrogen on iron. 


* Received January 10, 1929. 
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The effect of hydrogen on the tensile strength of the material 
used in his experiments was scarcely noticeable unless pickling 
were continued during the testing. Pfeil showed that the grain- 
size affected the tensile strength during pickling, and concluded 
that occluded hydrogen weakened the intercrystalline boundary. 

The present paper describes experiments made with the object 
of adding to our incomplete knowledge of the effects of pickling 
and of methods of removing or of preventing the brittleness due 
to pickling. 


EXPERIMENTS. 


Experiments were made to ascertain the influence of pickling 
in acid solutions on several kinds of steel strip. In order to 
obtain conditions as far as possible comparable, all the steel strip 
employed was approximately 0-015 in. thick and 2-88 in. wide. 

Steel Strip Materials Hmployed.mThe mild steel strip was hot- 
rolled to 20 gauge (0-036 in.), normalised from 920° C., cooled 
in free air, and cold-rolled to 28 gauge (0-015 in.) without any 
intermediate heat treatment. 

The medium-carbon steel strip was a coil of cold-rolled 28-gauge 
steel strip (0-015 in. thick), produced by a manufacturer. 

The high-carbon steel strip was cold-rolled spring steel strip. 

The alloy steel strip was of the high-tensile nickel-chrome steel 
type and had been heat-treated in the coil by the manufacturer. 
The compositions of the steels were as follows : 


Man- Phos- 
Oarbon. Silicon. ganese. Sulphur. phorus, Nickel. Chromium 
Steel. % % % % % % Jot ae 
Mild steel . ; 6 (otlik 0:12 0-39 0:04 0-05 Nil Nil 
Medium-carbon steel . 0-46 0-18 0:62 0-04 0-02 st 
High-carbon steel . - 0°85 0:09 0:66 0:02 0-02 Trace 5s 
Alloy steel . ; - 0-18 0:20 0-49 0:04 0-02 3-78 1-16 


Preliminary Pickling Experiments. 


Preliminary experiments showed that all the cold-rolled strips 
were embrittled seriously by pickling in 10 per cent. sulphuric 
acid solution (by volume) at all temperatures up to the boiling 
point. Both limiting-radius bend tests and “ reverse” bend 
tests proved of value in ascertaining the embrittling effect, and 
it was decided to adopt these tests for the purpose, They are 
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described in an appendix. In recording the results, the mean 
value of four tests is quoted. 

Following upon a number of further experiments it was decided 
to adopt the following conditions as standard for sulphuric acid 
pickling in this investigation: Greasy samples were cleaned 
with petrol before pickling ; the pickle consisted of 10 per cent. 
sulphuric acid, A.R., (by volume), maintained at a temperature 
of 50° C.; 380 minutes’ immersion was given; the samples were 
washed, brushed in running water, and dried on a cloth after 
removal. These conditions were adopted for the following reasons : 

(a) Badly scaled specimens—for instance, normalised pieces— 
were cleaned effectively under these conditions. 

(b) Longer’ periods of immersion, more concentrated acid, 
and higher or lower temperatures of the bath did not produce 
substantially greater degrees of brittleness in the pickled steels. 

(c) Samples relatively free from scale did not suffer any very 
serious reduction of thickness by this treatment. 


Pickling Hxpervments on Mald Steel Strvp. 


The influence of “‘ standard” pickling was determined on 
samples of the cold-rolled material, untempered and after temper- 
ing at temperatures up to 600° C. It was found that bend tests 
on the strip showed a marked embrittling effect in the case of 
the cold-rolled material, and less embrittlement in the cold- 
rolled tempered strip (Fig. 1). Oil-hardening the strip from 
920° C. had only a slight hardening effect. In order to obtain 
a harder condition, samples were water-quenched from a salt 
bath at 920° C. The influence of pickling was determined on 
the water-hardened strip and also on this material tempered at 
various temperatures (Fig. 2). The embrittling effect was, in 
general, much less than in the cold-rolled strip, and there was 
much less difference between longitudinal and transverse tests. 
The embrittling effect of pickling was very slight in normalised 
mild steel strip (cooled in air from 920° C.), and negligible in 
annealed strip (cooled slowly in the furnace from 900° C.). 

No noticeable cracks were produced in any of the samples of 
mild steel strip by the pickling operations. Samples of the strip 
in the harder conditions were deformed slightly by bending, and 


182 SUTTON : THE INFLUENCE OF PICKLING 


then pickled in order to detect any susceptibility to the formation 
of pickling cracks, but in no case was any discovered. 
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The brittleness of pickled samples of mild steel was found 
practically to disappear after standing for several days at the 
normal temperature, or after heating for periods of 30 min. at 
temperatures of 100° C. or higher. It was found, however, that 
the results obtained on the material which had been treated for 
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the recovery of the ductility were very slightly lower than those 
of the unpickled material. These observations on the recovery 
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in pickled steels are in agreement with the results of Langdon and 
Grossman. 


Pickling Experiments on Medvum-Carbon Steel Strip. 


A relatively large amount of this material was available, and, 
as it was one on which more detailed information was desired, 
its investigation was carried out in greater detail than that of 
the mild ‘steel strip. 

As a first step, samples of the cold-rolled strip as received, 
others annealed by heating to 850° C. and cooling slowly in the 
furnace, and others normalised by heating in a muffle at 850° C. 
and cooling in free air, were pickled under the standardised 
conditions. The results obtained are recorded in Table LI. 
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TaBLe [.—Influence of Pickling on Medium-Carbon Strip in the Cold- 
Rolled, Annealed, and Normalised Conditions. 


Limiting Radius Bend. Reverse Bend. 
Condition. = = 
| Longitudinal.) Transverse. | Longitudinal. Transverse. 
, Unpickled fat 3T 4-5 0-75 
Cold-rolled { bickied sT 15T 60° on P.B.| 45° on P.B 
( Unpickled 0 0-5T 9-0 4-5 
Annealed | pickled . 0 0-57 9-0 3-5 
5 Unpickled . 0 1-5T 6:5 3°5 
Normalised { pickled 2-50 | 3-5T 2-75 1-0 


P.B. = Preliminary bend. 


The results obtained show that the cold-rolled strip “as 
received ’’ is embrittled to a marked degree by pickling, that the 
normalised strip is embrittled slightly, and that the annealed 
strip is not embrittled appreciably. 

As the normalised samples had a coating of scale before 
pickling, and in order to ascertain whether this had any influence 
on the result, further samples were normalised from a salt bath 
at 850° C. This treatment left only a very thin film on the 
surface. The results of tests on this material before and after 
pickling did not differ appreciably from those quoted above for 
the samples normalised after heating in the air-muffle. 

A number of samples of the cold-rolled strip were tempered 
at various temperatures, and tested before and after pickling. 
The results of bend tests shown in Fig. 8 indicate that as 
the temperature of tempering was raised the embrittling effect 
of pickling tended to become less. The curves show a slight 
embrittling effect of tempering alone. | 

The results of bend tests on oil-hardened and tempered 
medium-carbon steel, pickled and unpickled, are given in Fig. 4. 
The progressive softening with an increase of tempering tempera- 
ture, and the varying degree of embrittlement by pickling, in 
relation to the temperature at which the steel was originally 
tempered, are apparent. 

Experiments were next made to determine the effect of 
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pickling on the tensile properties of the steel. The test-pieces 
were machined to the desired dimensions before heat treatment, 
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pickled, and tested immediately after pickling. Details of the 
tensile test are given in an appendix. ~ 
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The results of tensile tests on the medium-carbon steel strip in 
the cold-rolled, and cold-rolled and tempered conditions, together 
with those obtained after pickling, are given in Table II. As 


TaBLE I1.—Tensile Tests on Medium-Carbon Steel Strip in the Cold- 
Rolled, and Cold-Rolled and Tempered Conditions, before and after 
Pickling. 


os ; Young’s | Hlongation— 
Limit of | 0-19 . Ulti- 
6 oe, oe icp Brool ads See ees, 5 
gitudinal), tionality. | Stress. * | Stress. Y 
oo Pons par Tons pen Tons per fone Get Tons ts Frac: Pp au al 
sq.in. | sq. in. edn. sq. in % 1023 ture. %, 
% 
Untempered 3 SOc eee oo: Onl 6226 an 4-2 | 1-0 
= pickled 18-15 | 46-2 | 58-1 | 61-3 | 12-03 4-3 1-4 
BS unpickled . |.17-96 | 45-6 | 58-4 | 61-7 | 12:10 5-2 1-4 
5 ee eh occu | 074) 6274.) OS 6S 
Tempered at 200° Graf 536. 880 59-2 | 62-9 xe 5-7 1-8 
unpickled 26-9 53-5 | 61-4 | 65-1 | 12-9 o°4 || oe 
Tempered at 400° C., (| 43-5 | 57-0 | 57-0 | 63-2 | 12-8 8:0 | 4:6 
unpickled \} 44-3 57-0 | 57-2 | 63-0 | 13-5 7:3 | 4:5 
Tempered at 600° C., { odo. o |! eae 41-4 | 47-1 Ses 12-2 el 
unpickled 24-9 | 37-5) 38-5 | 43-9 |} 12-7 17-5 | 10-6 


indicated by the results, pickling has no marked effect on the 
tensile properties of the cold-rolled medium-carbon strip. 

Tensile tests were also made on the oil-hardened material, 
untempered, and tempered at various temperatures, unpickled 
and pickled. The results, given in Table III., revealed a sub- 
stantial reduction in the tensile strength of the oil-hardened strip 
by pickling. In the oil-hardened and tempered material, as the 
temperature of tempering was raised the reduction in tensile 
strength due to pickling became progressively smaller until it 
disappeared completely. 

Immersion in boiling water for half an hour apparently 
restored the tensile strength of oil-hardened pickled samples to 
the normal, and standing in air for two days effected almost 
complete restoration. It is of interest to note that although 
the tensile test does not reveal any marked influence of pickling 
‘on the material oil-hardened and tempered at 400° C., or at higher 
temperatures, definite embrittling effects of pickling were shown 
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Taste IIl.—Tensile Tests on Oil-Hardened and Tempered Medvum- 
Carbon Steel Strip, before and after Pickling. (Longitudinal 
Samples.) 


= ¥ Blongation— 
Limit of | 0-1% | yield | Ultimate | fomes |: oie aaa 
Propor- | Proof | ctress.| Stress. |B. On 
Treatment. tionality. Stress. |, nsper| Tons per Tons per} pony, On 
Tons per |Tons per sq.in. | sq, in. sq. in. Tac- |Darallel. 
sq.in. | sq. in. | x 10-3, | ure. %, 
% 
3 SA ed eyeett © camer Siegal 06 
0.-H. 850° C., unpickled {) “| “7 | 7 | q92.0 |... 
z : 38-6 | 13-1 
Ouse 850 Cz pickled . { 38 4 13 4 
0.-H. 850° C., pickled) E 
121-6 
and immersed in boil- 124-3 
ing water 30 min. | 
O.-H. 850° C., pickled and 114-7 
allowed to stand 48 hr. 109-5 
at room temperature 
O.-H. 850° C., T. 200° C *f 56°5 ade vos 120-0 | 12-8 
unpickled sop eee ore 130-0 ane 
O.-H. 850° C., T. 200° C 2 65-7 | 12-7 
pickled 64:9 |... 
O.-H. 850° C., T. 400° Do { 56-1) 81-7 ane 86:5 13-4 | 6-0) 1:0 
unpickled 908 50 nic 89-5 bon oon : 
O.-H. 850° C., T. 400° C., ;} 61-3 fe ae 86-0 | 13-2 
pickled UNietse ae se 89:3 |... 
O.-H. 850° C., T. 600° C., 24-5 | 44-6 | 44-6 | 48-0) 12-8 | 12:0] 8-0 
unpickled { das we 44085)" 4803 ae. 14:0 | 8-0 
O.-H. 850° C., T. 600° ee 27-7 | 43-7 | 43-7 50-1 | 12-4 12:0 | 7:0 
pickled one aM 46-6 | 51-0 ats / 10:0] 7-0 


O.-H. = oil-hardened ; T. = tempered. 


by bend tests on samples tempered at as high a temperature as 
700° C. after oil-hardening (see Fig. 4). 

A few bend test experiments were made to ascertain the loss 
of brittleness of pickled medium-carbon steel. The samples 
used were oil-hardened from 850° C., and tempered at 300° C., in 
which condition the embrittling effect of pickling is considerable. — 
After pickling, the bend tests were made at intervals of time. 
Samples standing in the laboratory recovered rather more slowly 
than others exposed to the open air, but, in general, the maximum 
recovery was attained in 4 to 5 days. The results are reproduced 
in Fig. 5. Heating to 100° C. effected maximum recovery in 
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about 80 min., immersion in boiling water resulting in slightly 
more rapid recovery than heating im air. 


Pickling Hxpervments on High-Carbon Steel Strip. 


Samples of the cold-rolled material, untempered and tempered 
at 200°, 400°, and 600° C., were pickled, and together with un- 
pickled samples of each kind were immediately submitted to bend 
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tests. The embrittling effect of pickling was most marked in 
the untempered material. Tempering alone at temperatures 
in the range 200° to 400° C. had a marked embrittling effect. 
The results of the bend tests are given in Fig. 6. 

The results of bend tests on oil-hardened and tempered 
samples, pickled and unpickled, are given in Fig. 7. The pickled 
samples were all embrittled, but the embrittling effect was not so 
pronounced as it was in the oil-hardened and tempered medium- 
carbon steel. Corresponding longitudinal and transverse bend 
tests gave very nearly the same results. The reverse bend was 
not so valuable in the tests on this material, as the ductility of 
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samples tempered below 600° C. was insufficient to withstand 
one reversal. Samples of the high-carbon steel normalised from 
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820° C. and others annealed at 800° C. were submitted to bend 
tests before and after pickling. The normalised samples showed 
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only a slight embrittling effect of pickling, and the annealed 
samples were only influenced appreciably in the reverse bend 
test. 


Pickling Experiments on High-Tensile Alloy Steel Strip. 


The high-tensile alloy steel strip, as received, had the following 
properties : Limit of proportionality, 88 tons per sq. in. ; 0-1 per 


fe) 
= 


LIMITING RADIUS BENDS 


a1 


RADIUS OF BEND 


Longitudinal Unpickled 
Ad) PORES, cash 23 Pickled 


OCeeeeeee0 Transverse Unpickled 


Sere S Pickled 


NUMBER OF REVERSALS 


UNTEM- 10 200 500 
PERED EL ea eb ery OF BA ane oa 


Fic. 8. 


cent. proof stress, 63 tons per sq. in. ; and ultimate stress, 85 tons 
per sq. in. approximately. 

Bend tests were made on the alloy steel strip as received and 
after pickling. The bend tests on the pickled strip gave very 
slightly better results than those on the unpickled material. 
The results for samples taken from different parts of the strip 
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varied slightly, but in all cases the results obtained on pickled 
material were equal to or better than those obtained on unpickled 
material. 

A number of samples were oil-hardened from 860° C., and 
tempered at 200°, 400°, and 600° C. The results of bend tests 
on pickled and unpickled samples are given in Fig. 8. The 
embrittling effect observed was slight compared with that of the 
medium-carbon steel similarly heat-treated. A number of tensile 
tests were made on heat-treated samples in the pickled and un- 
pickled conditions ; the results are given in Table IV. ‘Tests 
on the pickled samples were made immediately after pickling. 


Taste [V.—Tensile Tests on Oil-Hardened and Tempered Alloy Steel 
Strip, before and after Pickling. (Longitudinal Samples.) 


oe ; Youne’s | Hlongation— 
Limitof| 0-1% | Maxi- 8 
propor Broek gnu Bloduluss 6 
Treatment. tionality. : : : 
ak ae Tone Bar Tons pee Wonaver ae Benes peewe 
sq. in. sq. in. sq. in. eo-8, nee 9%, . 
5 : 30:6 | 58-7 | 101-0 | 13-5 
O.-H. 850° C., unpickled { 98-6 | 62-3 | 100-0 | 13-5 
: : 2 : 
SerseciCreiiede |. 1) 2 Ooper ee 
O.-H. 850° C., T. 200° C., un- AGG) | BOF) 91-9 | 12-0 6-1] 1-6 
pickled { 51-0 | 77-1 97-2 | 12-7 5-4 | 3-7 
OmEeso0> Cock. 2007 C., { 55-9 | 76-4 96-0 | 12-0 7:0] 4:8 
pickled 53:8 | 78:0 97-9 | 12-5 8:0 | 3-9 
O.-H. 850° C., T. 400° C., un- 50:2 | 68-7 75-9 | 12-70 | 3:4] 1-0 
pickled { 51-4 | 73-0 79-0 | 12-94 | 3:5) 2-0 
Om S502 Ce) 40025 C:, nas dae 81-0 aa 5-1 | 2-8 
pickled { 56-5 | 73-4 79-5 | 12-75 | 6:7 | 3.2 
O.-H. 850° C., T. 600° C., un- 44-5 | 55-7 57-5 |} 12-3 site 2-0 
pickled { 44-4 | 57-3 61-6 | 12-6 8:0 | 6-0 
Osi, SOP Cy Wh COO? Cy 44-7 | 59-5 63-4 | 12-9 | 10-2} 6-1 
pickled { 44-0 | 55:3 62-3 | 12-8 | 11-4] 5:8 
O.-H. 850° C., pickled and ( 33-1 66-2 97-7 | 12-4 
immersed in boiling water ;| 34:6 | 65-1 98-2 | 12:1 
for 30 min. (| 31-9 | 62-5°| 95-7 | 12-3 


O.-H. = oil-hardened ; T. = tempered. 


Although the tensile strength was not influenced in general, 
that of the untempered samples was reduced slightly by pickling. 
1929—i. ) 
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The limit of proportionality stress was not influenced appreci- 
ably by pickling, but the elongation was increased slightly. The 
tensile strength of pickled, oil-hardened material recovered to 
some extent on immersion in boiling water for half an hour. 

The results indicate that the nickel and chromium present, 
along with the relatively low carbon content, had reduced the 
susceptibility of the steel to embrittlement and other injurious 
effects of pickling. 


Pickling Cracks. 


At an early stage of the work it was found that if the medium- _ 
and high-carbon steels, hardened, and tempered in the lower 
range of temperatures employed, were subjected to deformation 
in that condition, they were liable to develop cracks during sub- 
sequent pickling at the places where deformation had occurred. 

Samples of medium-carbon steel strip oil-hardened from 
850° C., and tempered at 100°, 200°, or 800° C., or untempered, 
cracked on pickling at places where the metal had, after heat 
treatment, been either cut with shears or stamped for identifica- 
tion. To obtain further information, samples of heat-treated 
material were bent and then pickled ; after pickling, cracks were 
noticeable at and along the bend. Some of the pieces fractured 
during pickling. In order to establish that the cracks were not 
due to bending alone, several severely bent samples were annealed 
and then pickled; none of these samples showed cracks after 
pickling. Typical pickling cracks are illustrated in Fig. 9 
(Plate XXIII). 

The radius of bending did not appear to influence the result, 
nor did the angle of bend. When the angle of bend was very 
small and the radius relatively large, cracks still occurred in 
material heat-treated in the range indicated above. Hence it 
would appear that a very small amount of deformation in 
material of this kind is sufficient to cause cracking during pick- 
ling. Pickling cracks have not been observed in this steel in 
the cold-rolled condition, even after very severe deformation. 

Samples of mild steel strip in all the conditions mentioned 
earlier were subjected to various treatments and examined for 
their susceptibility to pickling cracks. In no case was any 
observed. 


PL Aaere, NOMIUN 


Q 
ee) 


uy 


f 


Sulj[ip pue seyyoeys 


ys9} apisueay peroodS—'OT “91 


[To face p. 19. 


OPERATIONS ON THE PROPERTIES OF STREL. 195 


The high-carbon steel strip oil-hardened from 850° C., and 
tempered at 300° C. or a lower temperature, or untempered, and 
then subjected to deformation while in this condition developed 
pickling cracks. None of the cold-rolled, and cold-rolled and 
tempered, samples were susceptible. Attempts to produce pick- 
ling cracks in the alloy steel strip in various conditions were 
unsuccessful. 


Otruer Metuops or PIcKLING. 


In the preceding experiments the standardised pickling in 
10 per cent. sulphuric acid was employed. The effect of other 
methods of pickling was examined in order, if possible, to find 
means of pickling steel without embrittling it. The earlier 
experiments indicated that the embrittling effect of pickling is 
of general occurrence except in the softest steels. The subse- 
quent experiments were, therefore, made on the steel which 
showed greatest susceptibility—that is, the medium-carbon steel 
strip. 

Pickling medium-carbon steel strip in the oil-hardened from 
850° C., and tempered at 300° C., condition for 30 min. in a 
bath consisting of 10 parts of concentrated hydrochloric acid and 
90 parts of water by volume maintained at 50° C. was found to 
have a pronounced embrittling effect, slightly less, however, than 
that of 10 per cent. sulphuric acid, as shown by bend tests. 

Similar samples pickled in 10 per cent. nitric acid (by volume) 
at 50° C. were severely attacked, and after 5 min. had suffered an 
appreciable reduction of section. There was only a very slight 
reduction of bending properties. 

Experiments were made with 10 per cent. sulphuric acid 
containing colloids. When glue was added in an amount equal 
to 0-15 per cent., the attack of the steel by the acid was much 
retarded ; there was hardly any noticeable evolution of hydrogen. 
As shown by bend tests, the embrittling effect on medium-carbon 
steel in the condition mentioned above was severe, but slightly 
less than that of the plain 10 per cent. sulphuric acid. The 
difference between the effects of the two baths was so small as 
to be negligible in relation to practical considerations. Starch 
additions gave similar results; the embrittling effect was not 
reduced appreciably. 


196 SUTTON : THE INFLUENCE OF PICKLING 


Pyridine and quinoline additions gave the most promising 
results. A bath of 10 per cent. sulphuric acid to which 2 per cent. 
of pyridine had been added showed a much less severe embrittling 
effect when used at room temperature than the plain sulphuric 
acid bath. There was still an appreciable embrittling effect, 
however. When the bath was used at 50° C. the embrittling effect 
was much greater. Quinoline gave very similar results, reducing 
the embrittling effect of a cold 10 per cent. sulphuric acid bath 
substantially when added to the extent of 2 per cent. by volume. 
The quinoline baths were free from objectionable odour, but the 
pyridine baths were found to be unsuitable for practical use on 
account of the pyridine. The bend test results given in Table V. 
were obtained with cold-rolled medium-carbon steel strip. 


TaBLe V.—Bend Tests on Cold-Rolled Medium-Carbon Steel Strip. 


Longitudinal. Transverse. 
Condition of Test-Piece. Limiting Limiting 
Radius | Reverse Bend. | Radius | Reverse Bend. 
of Bend. of Bend. 
Unpickled . 4 5 A Oran 3°5 5T 0-5 
Pickled in— 
10% H,SO, at 50° C. for 30 min.| 8T |60°onP.B.* | 15T | 45° on P.B. 
10% H,SO, + 0-2% pyridine . ie OO cress TOTS abs ess 
10% H,SO, + 2-0% pyridine . 6T 0:5 Nd bc Naie ee = 
10% H,SO, + 2-0% pyridine at 
14° C. for 30 min. 5 : 4T 1:5 TE \GOSSe aes 
10% H,SO, + 2:0% quinoline at 
14° C. for 30 min. 6 ‘ 4T 1-0 Gi 45° ares 


P.B. = preliminary bend. 
* Sample failed at 60° on the preliminary bend. 


Pyridine and quinoline additions retarded the action of the 
acid on the steel to a great extent. There was very little evolu- 
tion of hydrogen, and rust was removed legs rapidly than in an 
ordinary pickling bath. 

Tests were also made with sulphuric acid baths containing 
a proprietary organic preparation for addition to pickling baths. 
The embrittling effect was reduced appreciably, being approxi- 
mately equal to that obtained with a bath containing 2 per cent. 
of pyridine. As with pyridine baths, the embrittling effect was 
greater when the bath was used at elevated temperatures. 


See 
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Electrolytic Pickling. 


Experiments were made on medium-carbon strip in the cold- 
rolled and in the oil-hardened from 850° C. and tempered at 300° C. 
conditions, in order to ascertain the embrittling effects of electro- 
lytic pickling processes. The sample under observation was 
placed midway between two other samples of the same material 
and of the same size, connected in parallel and at a distance of 
3 in. one from the other. Details of the experiments are given 
in Table VI. 

Klectrolytic pickling in 10 per cent. sulphuric acid (by volume) 
was accompanied by severe embrittlement, both in anodic and 
cathodic applications. Cathodic pickling appeared to be more 
effective for the removal of scale than standard pickling. 

Anodic pickling in caustic soda solutions prepared from caustic 
soda of commercial quality (78 to 79 per cent.) gave no appreciable 
embrittling effect. Scale and rust were not removed effectively 
- under the conditions employed. When pure caustic soda was used 
the results were the same as regards anodic pickling. Cathodic 
pickling in solutions of commercial caustic soda had an appreciable 
_ embrittling effect, but the latter was much smaller than that of 
sulphuric acid pickling. In solutions prepared from pure (A.R.) 
caustic soda the embrittling effect of cathodic pickling was scarcely 
discernible by bend tests. 

Anodic pickling in 10 per cent. sodium chloride solution was 
not accompanied by any noticeable embrittling effect. The 
surface of the pickled samples was free from rust and scale, and 
their matte, metallic appearance was very pleasing. Precipita- 
tion of ferrous and ferric hydroxides which occurred during the 
pickling rendered the bath muddy. Cathodic cleaning in this 
solution did not have any embrittling effect, but the de-scaling 
properties were poor. 

A solution containing 100 grm. of sodium carbonate, A.R., 
and 100 grm. sodium bicarbonate, A.R., per litre had only a very 
slight embrittling effect, whether used anodically or cathodically. 

A bath containing 87-5 grm. of sodium cyanide and 25 grm. 
of commercial caustic soda per litre had a very slight em- 
brittling effect when used anodically ; when used cathodically 
the embrittling effect was very severe. 

The experiments indicated that steel covered with a heavy 
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scale could be cleaned more effectively by electrolytic pickling 
in 5 to 10 per cent. sulphuric acid as cathode, or as cathode 
and anode alternately, than by electrolytic pickling in alkaline 


- solutions. For removing grit, grease, residues of carbides, and 


non-metallic matter, the alkaline electrolytic pickling or cleaning 
baths described gave satisfactory results without serious embrittle- 
ment, with the exception of cathode treatment in cyanide baths. 
It was found that the brittleness induced by electrolytic pickling 
could be removed almost completely by heating, in the same way 
as that due to ordinary pickling. 

It is of interest to note that Edwards ™ stated that the diffusion 
of hydrogen could be prevented by electrolytic pickling. 


ANALOGY oF PALLADIUM. 


The absorption of hydrogen by iron appears to be analogous to 
the more fully investigated absorption by palladium. Andrew 
stated that the rate of absorption of hydrogen by palladium is 
increased by cold-working, and is greatest for palladium in a 
finely divided form. It is known that hydrogenised palladium 
gives off its hydrogen on standing in air, and the liberation of 
hydrogen is more rapid at elevated temperatures. Yamada “° 
investigated the X-ray spectrogram of hydrogenised palladium, 
and found it was not altered by hydrogen except for a slight 
contraction of the intervals between the lines. This indicated 
uniform expansion of the space lattice by hydrogen, and is evi- 
dence of the solution of hydrogen in the metal as opposed to the 
formation of a palladium-hydrogen compound. 

McKeehan“” investigated the spectrograms of palladium and 
of hydrogenised palladium. He suggested two crystallographic 
arrangements by which hydrogen could be absorbed without a 
modification of the cubic symmetry. The suggested arrange- 
ments were purely speculative, and McKeehan considered that _ 
there was no X-ray evidence of the position of the hydrogen 
atoms. The change in resistance was linear throughout the 
greater part of the range of occlusion, a criterion of the existence 
of two phases. Partially saturated palladium gave a diffraction 
pattern in which each line was doubled, there being a clear space 
between each pair of lines. This was interpreted as signifying the 
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existence of two phases, one being practically pure palladium and 
the other a saturated solution of hydrogen in palladium. 

Hydrogenised palladium gives off its hydrogen on standing 
in air, and the liberation of hydrogen is more rapid at elevated 
temperatures. From X-ray spectrograms of platinum-black 
and palladium-black, Osawa “” concluded that gases are held in 
solid solution by these substances. He observed an expansion 
of 2 to 8 per cent. of the linear dimensions of the lattices. Koch“ 
found that the electrical resistance of palladium was increased by 
hydrogen, and an increase in that of iron due to the presence of 
hydrogen was observed by Johnson.” 


CoNCLUSIONS. 


1. In general, steel is embrittled by pickling in the usual 
manner in sulphuric acid and other acid solutions. The degree 
of brittleness is dependent on the composition and condition of 
the steel, as well as upon the conditions of pickling. 

2. The brittleness produced by pickling a particular steel is, 
in general, greatest when the steel is in its hardest condition, and 
least when the steel is in its softest condition. 

3. Immersion in boilmg water for 80 min. substantially 
removes the brittleness due to pickling, giving practically the 
maximum recovery. ‘The same result is achieved by allowing the 
pickled steel to stand for several days at normal temperatures. 

4, The embrittling of steel by pickling may be accompanied 
by a reduction in tensile strength. Such a reduction has been 
observed only in steels which are capable of being rendered 
relatively hard by heat treatment, and in these steels only 
after hardening and tempering, if at all, at low or moderate 
temperatures. 

5. If medium- and high-carbon steels, hardened, and tempered 
in a certain range of temperature, be subjected to deformation 
while in that condition, they are liable to develop cracks during 
pickling at the places where deformation had occurred. It has 
been shown that these cracks are produced during the pickling 
operation, and complete fracture may ensue. Pickling cracks 
have not been observed in the mild steel nor in the alloy steel 
investigated. 
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6. The addition of certain organic substances to a pickling 
bath affects the attack of the acid upon the steel. So far, it has 
been found that the addition of organic substances and colloids 
to the picklmg bath does not prevent the embrittlement of the 
steel, but certain compounds diminish it considerably, notably 
pyridine and quinoline. 

7. Pickling electrolytically in neutral or alkaline solutions 
can under certain conditions be effected without appreciable 
embrittlement of the steel. In this respect anodic pickling was 
generally found to be less injurious than cathodie. 

8. The experiments have confirmed the work of other investi- 
gators, and they afford additional evidence of the deleterious 
effect of hydrogen generated at the surface of steels during pickling 
operations. 


In conclusion, the author gratefully acknowledges the 
assistance and advice of Mr. W. H. Dyson of the Air Ministry ; 
of Mr. W. D. Douglas, Mr. I. J. Gerard, and Miss Pettifor of the 
Mechanical Test Department of the Royal Aircraft Hstablish- 
ment, who designed the special jig and shackles, and made the 
tensile tests ; of Mr. C. W. George, Mr. A. J. Sidery, and other 
colleagues of the Metallurgical Department. The author is in- 
debted to the Air Ministry for permission to publish this paper. 
It will be understood that this paper is a personal contribution, 
and that responsibility for statements made and opinions expressed 
rests solely upon the author, and not upon the Air Ministry. 


APPENDIX. 
Reverse Bend Test. 


The sample is fixed in a vice, the jaws of which are rounded 
to a radius equal to three times the thickness of the steel sheet 
to be tested. The projecting portion is then bent at right angles 
to the fixed part, and then backwards and forwards through an 
angle of 180° until it fails. The preliminary bend to 90° is not 
counted. The width of the samples tested was 4 in. 
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Inmiting Radius Bend. 


The samples are bent to 180° round rods of diminishing 
diameter. The smallest radius about which the strip may be 
bent to 180° without showing signs of failure is taken as the 
limiting radius of bending, and this radius is expressed as a 
multiple or a fraction of the thickness of the strip. 


Tensile Test. 


Preliminary tests on the pickled samples of the harder materials 
were unsatisfactory. Fracture occurred at the head more fre- 
quently than on the parallel portion of the test-piece. 

The special shackles were designed for tensile tests on thin 
sheets, using ball alignment as in the “ Robertson shackles ” * ; 
they are illustrated in Fig. 10 (Plate XXIII.). In the foreground 
may be seen the special drilling jig, so constructed as to ensure 
accurate alignment of the test-pieces relative to the axis of pull. 
Tests made with these shackles gave consistent results. In order 
to avoid fracture in the heads of the harder test-pieces, each end 
was tempered slightly in a Bunsen flame, the rest of the test- 
piece being meanwhile immersed in cold water. 
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DISCUSSION. 


Dr. W. Rosennarn, F.R.S. (National Physical Laboratory), asked 
the author whether he had tried to arrive at any idea as to why cracks, 
under certain conditions which he had described, really occurred, and 
as to the nature of the mechanism by which the brittleness was pro- 
duced. That had not been the object of the paper, but he should 
imagine that an investigator dealing with a problem of such a kind 
would form some opinion on the reasons why those things happened. 
It occurred to him that since fully hardened high-carbon steel, when 
pickled, tended to crack, and that even after tempering, if it were then 
cold-worked, it also tended to crack, it might therefore be a question 
of internal stresses developed by the absorption of hydrogen during 
pickling ; and he would like to ask two questions: Did the recovery 
mean the substantial removal of hydrogen from the steel or did 
it merely mean a change of the condition in which that hydrogen was 
present in the steel? In other words, if that steel were tested immedi- 
ately after pickling while still in the brittle condition, would a larger 
amount of hydrogen be found in it, if it could be extracted, than there 
would be after standing ? He imagined that there would, but it would 
be interesting to know whether that had ever been actually proved. 
The second question was: Were internal stresses developed in the steel 
by the absorption of hydrogen during pickling? That problem could 
be attacked in some such way as the following. Supposing one pre- 
pared a ring of fairly high carbon steel, and hardened it, and then 
ground a slit in it so as to relieve most of the stresses. No doubt 
when the slit had been ground, the ring would tend either to open or 
close, according to the nature of the hardening stresses remaining in it. 
The amount of such opening or closing should then be measured as 
accurately as possible, and subsequent measurement would show 
whether, after pickling, the slit ring opened or closed more than before, 
and also whether during the subsequent recovery that change of 
dimension was reversed. One would then have not only a means of 
knowing whether actual internal strain (he used the word in its strict 
sense) was produced, but also whether that strain was removed, or 
whether the stress was merely released by some internal rearrangement. 

Such matters might at first sight appear to be of an academic or 
theoretical nature, but they were really very important, because it 
was not until it was known exactly what happened in such cases that 
more general ideas on the subject could begin to be formed, and the 
possibilities of that kind of action be appreciated. What he had in 
mind was that a large amount of work had been done in recent years 
on the simultaneous effect of corrosion and fatigue; that did not at 
first sight appear to be related to pickling, but it was quite possible - 
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that the kind of action which led to embrittlement, and occasionally 
to the disruption of articles during pickling, might have something 
in common with the action which occurred when corrosion and fatigue 
co-operated in bringing about the failure of a piece of steel. 


Mr. T. H. Turner (Birmingham) said, in view of Mr. Sutton’s 
reference to the lack of information on the subject, it might be useful 
to make public the fact that in the Birmingham University Library 
there was the manuscript of an M.Sc. thesis, written in 1926 by 
Mr. I. G. Slater, covering much of the ground. Mr. Slater had first 
tested wires ; afterwards he had tested a whole range of carbon steels. 
The most interesting and unexpected result had been that under the 
notched-bar impact test, his steels, instead of becoming more brittle, had 
become apparently tougher. One might explain that, perhaps, by the 
notch having been eaten out a little, or by some cold-worked material 
at the bottom of the notch having been removed. In tensile tests 
Mr. Slater had found an increase in strength which varied according 
to the carbon content. He had also carried out recovery tests, and his 
results agreed entirely with those of the author. Two other tests 
of Mr. Slater’s were worth mentioning—the ordinary static Brinell 
and the impact Brinell. Strangely enough his results had given an 
increase up to about 10 per cent. in the static Brinell hardness, and 
a decrease in the impact hardness. 

So far as the paper was concerned, it seemed to him to show that 
if one could not be satisfied with the strength of mild steel, and it was 
necessary to pickle the article, one must turn, not to medium-carbon 
steel, but to the nickel-chrome alloy steel mentioned, or to some other 
alloy steel, in order to avoid the pickling trouble. 


Professor T. Turner (Member of Council) said the subject of 
embrittlement of steel by hydrogen was one which had for long 
interested metallurgists ; he remembered hearing their late President, 
Dr. Percy, refer to that property a good many years ago. Several 
experiments on the subject had been conducted at Birmingham, and 
some of the results were most surprising. He had expected that since 
the steel became brittle it would become weaker when it was pickled, 
or when it was used as a pole for a battery. Instead of that it was 
found in some cases that the tensile strength of the steel actually 
increased ; but after allowing the material to remain in boiling water 
it reverted to its original condition. One of the most striking small 
experiments he had seen made on that subject consisted in carefully 
and suitably pickling a piece of steel of the character of a watch-spring ; 
it could then be broken in one’s fingers. If it were boiled in water it 
entirely recovered its original properties, and it was impossible to 
perceive from any test that it had been brittle in the interval. 

He sympathised with Dr. Rosenhain’s wish to know what was 
the explanation. So far as the evidence submitted in the paper was 
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concerned, the hydrogen apparently went into solid solution; it did 
not go in between the crystals or have anything to do with the crystal 
boundaries, yet it might produce a marked effect, and it disappeared 
in a mysterious manner. He assumed that, as a return to the original 
properties took place, the cause of the trouble had completely gone, 
but that might be a mistaken assumption, and some might still remain. 


Mr. J. H. Wutretey (Consett) said that both Dr. Rosenhain and 
Professor Turner had asked the same question that he had in mind. 
Where did the hydrogen absorbed in pickling get to? Was it retained 
by the steel, or liberated ? He would suggest that the method described 
by Mr. Rooney in his paper on the estimation of hydrogen! was 
admirably suited for the study of that problem. There was a point, 
also, which he (Mr. Whiteley) had mentioned at a previous meeting, 
and which he thought might here be considered—namely, that the 
mere passage of atomic hydrogen in large volume through the metal 
might of itself, in certain cases depending upon grain boundary con- 
ditions, set up brittleness. He was particularly interested in the 
subject as it concerned the galvanising process. There appeared to 
be at least three forms of brittleness which could be produced in dead 
soft steel during its manufacture into galvanised sheets. One was 
due to pickling, and it was of interest to have it confirmed by 
Mr. Sutton that its removal was easy. Another was that dealt with in 
Mr. Bolsover’s paper.” There, also, heating the steel to about 100° C. 
seemed sufficient to eliminate it. He (Mr. Whiteley) had several times 
found a third form, however, which was not removed until the steel 
had been heated to above 500° C. Galvanised sheets showing that 
type of brittleness could be readily smashed with a hammer, and he 
had not found that extreme brittleness to disappear at any lower 
temperature. It occurred chiefly in the thicker class of material, and 
there were probably two or more contributory causes. He thought 
that pickling might be one of them. 


Professor T. TuRNER (Member of Council) hoped that members of 
the general public would not imagine that the brittleness referred to 
was a cause of danger in steel. The cause of the brittleness referred 
to was not a thing that entered into manufacture; it was merely 
temporary, and would pass away. 


Mr. J. Mrrcnext (Coatbridge) said there were two points in par- 
ticular to which he desired to refer. The first was that recently he 
had been working on similar lines to the author, and, generally, he 
had confirmed his results. He found, for instance, that practically all 
the mild steel of commerce was subject to the embrittling phenomenon 
referred to. It was found also that a very short treatment in boiling 
water was sufficient to remove it, and from the steel user’s point of 

1 This volume, p. 573. 2 This volume, p. 473. 
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view the very reassuring fact was established that, even if the steel 
were not subjected to hot-water treatment, the phenomenon disappeared 
after a few days. The author had stated that the sample of mild steel 
used was a typical mild steel. He ventured to say that the author 
would not find 10 per cent. of the mild steel of commerce with some- 
thing over 0-10 per cent. of silicon. That was rather an important 
point, because he (Mr. Mitchell) found in his work that the percentage 
of silicon had a very considerable effect on the occurrence or non- 
occurrence of that particular phenomenon. He also desired to suggest 
that, from a pickling point of view, especially in view of the recovery 
in hot water, the temperature of the pickling solution might have 
something to do with the sensitiveness of the material to the 
phenomenon. 


Dr. F. Jounson (Birmingham) said that in the early days of the 
late war he had had some experience of the embrittlement of mild 
steel when electroplated with various metals, and he ventured to 
suggest there was a possibility that such embrittlement would not be 
quite so evanescent as the embrittlement due to pickling. He did 
not know whether embrittlement (due, no doubt, to the occlusion of 
hydrogen) in the electroplating operation had been studied by the 
author, but it was a subject worth taking up. 


The PresipEnt desired to ask a question. Odd cases had occurred 
now and again in which wire ropes, especially colliery wire ropes, had 
broken suddenly without any apparent reason. It was well known 
that mine waters were occasionally acid, and he would like to know 
whether, in the author’s opinion, it was possible for such a very dilute 
acid as a mine water—that was, dilute as compared with the acid with 
which the author had worked—could have produced a similar em- 
brittling effect. The wires were always of a medium high-carbon type, 
and had always had a fair amount of work upon them, so that apparently 
they were in a sensitive condition for receiving the embrittlement, 
if it were possible for such a solution to cause it. 


Mr. Surron, in reply, thanked the various members who had con- 
tributed to the discussion. Dr. Rosenhain had inquired whether he 
had considered the question why the cracking phenomenon to which 


reference was made occurred. He had given much consideration to the 


matter and had found it was beset with many difficulties. The whole 
question seemed to demand a more complete understanding of the 
formation of adsorption compounds by metals, the change-over from 
adsorption compounds to chemical compounds, and the question of the 
true solution of gases by metals. He had been following very closely 
the question of the adsorption of hydrogen by platinum-black and, in 
particular, by palladium, but the question had not yet been definitely 
settled. His reading of about five papers on investigations with the 
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X-ray spectrograms of palladium had led him to the conclusion that 
three people thought that a compound was formed and two did not. 
The investigations of Yamada and Osawa mentioned in the paper 
led to the conclusion that hydrogenised palladium held the hydrogen 
in solid solution. That of McKeehan, also mentioned in the paper, 
and the more recent investigations of Linde and Borelius! and of 
Hanawalt ? indicated that a compound Pd,H was formed. 

He did not know at present of any similar investigation in the case 
of iron and hydrides of iron, but it was a question which merited 
attention. Some years ago an American investigator, Morrison,? had 
claimed to have observed under the microscope the effect of pick- 
ling on the microstructure of steel. For a long time he failed to see 
either in the reproductions of Morrison’s micrographs or in his own 
microscopic work any evidence of that effect, but he was inclined to 
think that in recent experiments with certain steels on which the effect 
of pickling was large there was a change in the microstructure. 

He thought no one could dispute the fact that stresses were 
developed by pickling, but in many cases measurement was obscured 
or made very difficult by the fact that the harder steels were generally 
in a state of strain, and there were very peculiar internal stresses in 
most parts that had a high degree of hardness. He quite agreed that 
the question of corrosion fatigue was very closely related in character 
to that of the influence of pickling. Mr. Turner had mentioned 
Mr. Slater’s thesis on the influence of pickling on steel and what was 
to him a most interesting point—namely, that the Izod value of steel 
was liable to be increased by pickling in acid. He thought that 
Mr. Turner’s suggested explanation was a plausible one. Personally, 
he had no appreciable experience on that particular point. Professor 
Turner had mentioned the behaviour of a watch-spring, which could 
very easily be broken in the fingers after pickling. He quite agreed 
that the possibility of a solid solution formation appeared to be very 
great, but it was a little difficult to reconcile just a simple solid solution 
theory with the various facts that had been observed, such, for instance, 
as the formation of pickling cracks, the loss of brittleness on standing 
inair,andsoon. Mr. Whiteley had asked where the hydrogen went to. 
It seemed inconceivable that the embrittling effect of pickling could be 
due to a surface effect only. He had ground off quickly, under ideal 
conditions with severe cooling, the surface from different specimens, 
and had found them to be still brittle, so that down to a depth of 
0-003 or 0-004 in. the brittle conditions still persisted. He quite agreed 
that there was scope for the application of Mr. Rooney’s method of 
determining hydrogen to the question of hydrogen penetration in steel. 

Dr. Johnson had touched on an important matter when he said 
that possibly the embrittlement due to electroplating was not so 

1 Linde and Borelius, Annalen der Physik, 1927, vol. lxxxiv. p. 727. 


2 Hanawalt, Physical Revue, 1929, vol. xxxiii. March, p. 444. 
3 C6, J. Morrison, Iron Age, 1921, vol. cviii., Aug. 11, p. 334. 
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evanescent as that due to pickling. He had had a little experience which 
indicated that that was distinctly the case, and that, with certain 
metals which were commonly electro-deposited, it was not by any 
means so easy to get rid of the brittleness of the plated steel as that 
of pickled steel. On the other hand, with thin electro-deposits of 
cadmium and zinc (0-0003 to 0-0005 in.) on steel, it was possible to 
get rid of the brittleness substantially. 


Dr. Jounson asked whether Mr. Sutton referred to standing or 
heating. 


Mr. Surron said he referred to heating only ; temperatures in the 
range of 100° to 150° C. had given satisfactory results. On standing 
some recovery did take place, but it was somewhat slow; it was a 
matter of some weeks, at any rate, before reasonable ductility was 
regained. 

The President touched on a very interesting point in connection 
with the possible cause of fracture of colliery ropes. That was a subject 
of which he (Mr. Sutton) had no personal experience, but he suggested 
that if the ropes were in prolonged contact with an acid mine water 
there was very little doubt that the mechanical properties would be 
substantially affected. The researches of McAdam on the corrosion 
fatigue of steel, to which Dr. Rosenhain had referred, had shown that 
the fatigue properties of steel were reduced very seriously by contact 
with natural waters. He would reply to other points in writing. 


This paper was also discussed at the Additional Meeting held at 
Sheffield on May 15, 1929. 


Dr. L. B. Pret (Swansea) said that in South Wales, where pickling 
was an extremely important stage in the manufacture of tinplate and 
galvanised sheet, Mr. Sutton’s paper had been received with great 
interest. Mr. Sutton had made clear the influence of previous deforma- 
tion on the development of brittleness by pickling. It seemed to him 
(Dr. Pfeil) that the reasons for the development of pickling brittleness 
in cold-worked steel and in quenched steel might be very similar ; 
in both cases it might be due to the presence of internal stresses before 
the pickling operation. Internal stress was certainly present in both 
cold-worked and in quenched steels. On pickling such steels the 
entrance of atomic hydrogen might expand the lattice, and that was 
equivalent to additional tensile stress. If the stress already present 
before the pickling were sufficiently great, then the added stress due 
to the entrance of hydrogen might overcome the strength of the steel 
and cause total or partial fracture during the pickling operation ; or, 
if the original stresses present were less intense, failure might not occur 
until still further stresses were applied in the bend test. 
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Mr. Sutton had referred to some work which he (Dr. Pfeil) had 
carried out on “The Hffect of Occluded Hydrogen on the Tensile 
Strength of Iron.” + In the course of that research he had found that 
pickling brittleness was removed by cold-working. It seemed to him 
that it was important to bear that fact in mind when carrying out 
mechanical tests ; in bend testing, the rate at which the first few bends 
were made might have an important effect on the total number of 
bends required for failure, for gentle cold-working during the first 
bend might cause the rapid evolution of the whole of the hydrogen and 
the disappearance of the embrittling effect before the completion of 
the test. He hoped that Mr. Sutton would carry out an experiment 
on those lines, using specimens which he knew would show brittleness 
if tested in the ordinary way. 


Dr. W. H. Hatrrietp (Member of Council) remarked that the wide 
cracks in Fig. 9 did not look like stress cracks ; they appeared rather 
as though metal had been bodily removed, and that would point to a 
differential solubility, due to a difference in the surface or to some other 
cause. 


Mr. Surron, in reply, said he was, pleased to have Dr. Pfeil’s 
interesting remarks, in view of his past experience of the effects of 
hydrogen on iron. It was scarcely possible to discern the embrittling 
effect of pickling in 10 per cent. sulphuric acid on medium-carbon 
steel which had been close-annealed and cooled at a very slow rate. 
On normalised steel there was quite a discernible embrittling effect 
compared with that on the dead soft close-annealed material. Dr. 
Pfeil’s remarks on the influence of internal stresses resulting from the 
heat treatment or cold-working operations were probably very near the 
truth. It was, of course, a common experience that fully hardened 
carbon steels were liable to crack during pickling. As regards the 
suggestion that the notching effect of the pickling might be very serious, 
he had given some consideration to that point also, but it was a little 
difficult to conceive of the small cracks produced by pickling actually 
healing, and enabling one to get the high degree of recovery which was 
possible. He appreciated the suggestion of a slow preliminary bend ; 
he had not tried making bend tests in that way, but would do so. 

In reply to Dr. Hatfield’s comments on the cracks visible in Fig. 9, 
Mr. Sutton pointed out that they were not in the original form. As 
reproduced, they were enlarged by two approximately. The wider 
cracks formed early in the pickling, and widened during further pickling. 
Slight further widening had occurred when the sample was cleaned 
in nitric acid for photographing, 


1 Proceedings of the Royal Society, 1926, (A), vol. cxii. p. 182. 
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CORRESPONDENCE. 


Mr. H. Brearuey (Sheffield) wrote: The paper appears to be a 
very neat parcel containing most of what is already generally known 
about the embrittling effects of pickling, but it does not add much that 
is new. After saturating himself with the literature of the subject 
the author should be in a good position to carry his investigations a 
stage further. Could he tell us, for example, whether the brittleness 
of the pickled sample is confined to the outer portions of the steel, or 
whether the pickled sample is equally brittle in its interior ? 

The paper gives one the impression that the author is able to develop 
brittleness in steel in a measured degree. If he has that command 
over the operation, then he should be able to make some useful observa- 
tions on the behaviour of hardened steel tools. A piece of intensively 
water-hardened tool steel of fairly intricate shape which may have 
remained sound for many years is very apt to crack when pickled, and 
the cracks developed mark out paths which one imagines are those 
where the hardening stresses are greatest. When any large number 
of similar tools are water-quenched, a few may break and the bulk 
of them remain sound, but no one can tell by a visual examination of 
the tools which of the apparently sound tools are on the point of break- 
ing. If the brittleness of the steel could be increased by a measured 
amount by some pickling operation it should be found, one thinks, 
that a number of sound tools, after such pickling, would crack; and 
if the brittleness could be further increased (by some other form of 
pickling) more of the sound tools would break when pickled. In this 
way the author might arrive at some very interesting information 
relating to the degree and distribution of stresses in hardened steel 
tools. A few preliminary experiments along these lines have already 
shown that the hardness of the steel tool and its tendency to crack on 
pickling are not closely related. There appears to be a much closer 
relationship between the tendency to crack and the manner in which 
the steel tool is heated for hardening or the medium in which it is 
quenched. 

On p. 200 the author states that the brittleness produced by pickling 
a particular steel is greatest when the steel is in its hardest condi- 
tion. Obviously the effects of pickling steel in the hardened condition 
are more dangerous than when the same steel is pickled in the soft 
condition, but it would be interesting to know how the author has 
convinced himself that the actual amount of brittleness due to pickling 
is greatest when the steel is in its hardest condition. 


Mr. A. M. Porrevin (Paris) wrote: The fissuration of samples of 
carbon steels by corrosion after bending should, no doubt, be related 
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to the phenomenon of corrosion under tensile stress known as “ cor- 
rosion cracking” ; deformation by bending is a non-uniform deforma- 
tion, which causes unequal cold-work and, consequently, internal 
stresses. Annealing after bending relieves the stresses, and fissuration 
then stops. 

In the case of brass, the internal stresses may be demonstrated by 
the mercurial etch, which develops fissures ; it may be used for pur- 
poses of both demonstration and study.1 In steel, the observation 
of fissuration in non-uniformly cold-worked materials is more rare ; 
this phenomenon has been observed after pickling shells which had 
been deformed permanently to allow driving bands to be fitted on 
them? ; Jones’ experiments on the action of salt solutions on deformed 
steels may also be quoted.® 

Whereas, in the case of brass, the determining conditions and the 
necessary values of the various factors for corrosion cracking to occur 
are so well understood that the phenomenon can be brought about 
with certainty and at will, in the case of steel, the various essential 
factors (minimum stresses for fissuration, nature and optimum com- 
position of the corroding liquids) are far from being known, and the 
occurrence of the phenomenon under the conditions which have been 
recorded can only be regarded as “ probable.” 

The author’s observations are interesting from that point of view, 
and it will be useful to know the degree of bending and the composition 
of the corroding reagent which enable fissuration to be brought about 


- with certainty. 


Mr. I. G. Starter (Malvern) wrote: The author has shown that 
pickling effects are more marked in the steels more amenable to heat 
treatment ; in this direction the writer has made experiments in which 
it was attempted to determine the relationship between the carbon 
content and the changes produced by chemical and electrochemical 
pickling. It is generally held that the effects of pickling are of a 
deleterious nature. The writer’s experiments show, however, that this 
is not necessarily the case, but is dependent on the method of testing 
adopted. Two forms of material were tested—namely, rolled bars 
having various carbon contents, and drawn wire of the higher carbon 
type. The wire samples were representative of the various high-tensile 
types produced by the cold-drawing of patented or sorbitised wire, and 
were tested in both the drawn and the patented condition. The usual 
wire torsion test was employed to determine the extent of the changes 
produced on pickling. Chemical pickling in mineral acids, including 
nitric acid (in which nascent hydrogen is an initial product of the 
reaction), was found to reduce the torsional value (number of twists on 
an 8-in. test length before fracture) in every instance, the reduction 


1 A.M. Portevin, Revue de Métallurgie, Mémoires, 1929, vol. xxvi. p. 72. 
2 A.M. Portevin, Journal of the Iron and Steel Institute, 1923, N 0. 1M, 7G Wile 
3 J. A. Jones, Transactions of the Faraday Society, 1921, vol. xvii. p. 102. 
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being a function of time, temperature, and concentration, or, in general, 
a factor of the rate of chemical reaction. Hard-drawn wire appeared 
to suffer a greater deterioration than the patented samples. The 
rapidity with which embrittlement ensued after immersion in the acid 
was a notable point; immersion for 5 min. in 20 per cent. sulphuric 
acid at 20° C. was sufficient to reduce the torsional value nearly to the 
minimum obtainable after more prolonged pickling. The recovery of 
embrittled wire was dependent upon its after-treatment. Heating to 
100° C. for 2 to 3 hr. in an air-oven, or for | hr. in boiling water, sufficed 
to restore fully embrittled wire. At room temperature several days’ 
exposure was required before recovery approached completion. It 
was found that there was some indication of a permanent deteriora- 
tion after recovery, especially in the hard-drawn samples, illustrated 
not only by failure to reach the original torsional value, but also by 
the fact that certain of the “ recovered ”’ specimens fractured in more 
than one place simultaneously on testing—a criterion generally held 
to be indicative of defective material. The results of tests in which 
various substances, such as flour, starch, yeast, &c., were added to 
the pickle were similar to those recorded in the paper. Stannous 
chloride was found to be an excellent inhibitor in this respect, a deposit 
of tin being formed on the surface of the freshly exposed metal under 
the scale (with patented samples), immediately reducing acid attack 
and consequent embrittlement to a minimum. It was also found 
that by immersing embrittled specimens in certain oxidising solutions, 
such as permanganate or even nitric acid, recovery could be expedited. 
With nitric acid almost complete recovery was rapidly attained, 
followed by subsequent embrittlement. 

Steels of heavier section having various carbon contents were next 
examined. They were of acid open-hearth manufacture, and were 
tested in the normalised condition. By far the most interesting 
results were obtained in the impact tests made on the series. A special 
test-piece was employed—rendered necessary by the original size of 
the material and the capacity of the Izod machine available—having 
a diameter of 10 mm. and notched circumferentially, 1 mm. deep, with 
a tool having an angle of 66° with a tip radius of 0-25 mm. Chemical 
pickling on certain of the steels showed that, whereas a reduction in 
impact resistance had been logically anticipated from previous results, 
actually the impact value had very considerably increased. It was 
thought that this might be due to the erosion of the notch by the acid, 
but on sectioning similar notches in the same test-pieces which had 
given the higher values, it was found that the contour of the notch had 
not materially changed. In order to eliminate this possible influence, 
electrochemical pickling as cathode, in which process chemical solution 
of the metal does not occur, was resorted to. The results of impact 
tests made on the series before and after electrochemical pickling as 
cathode in 20 per cent. sulphuric acid, with a current density of 05 amp. 
per sq. cm., are given in the following table : 
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Notched-Bar Impact Value, Ft.-lb. 
Carbon Content. Me fire et 
%, Pickled— 
Not Pickled. 
For $ Hr. For 3 Hr. For 17 Hr, 
0-21 20-0 26-0 25-0 25-3 
0-315 14:8 20-5 17-0 13-9 
0-415 10-8 8:7 10-9 11-4 
0-50 5-3 4-7 3-9 3:9 
0-61 6-0 4-3 3°8 3:4 
0-71 2-9 4-7 2-1 3:3 
0-805 2-5 4-1 3:0 3°3 
0-89 2-4 2-4 2+2 2-4 
1-005 2°3 3°3 2°7 1-8 
1-105 1-6 1-6 1-4 1:6 


It will be observed that with certain of the steels very definite 
increases in impact value occurred; with a few, and generally after 
the 17-hr. treatment, decreases were obtained. There appears to be 
no definite relationship between the carbon content of the steel and 
the change in impact value obtained. 

The fundamental difference between this test, which is a dynamic 
one, and the previous tests employed by other investigators, must 
necessarily modify our conception of the nature of the iron-hydrogen 
complex produced by pickling. From the work of previous investi- 
gators there is little doubt that hydrogen, or the effects of hydrogen, 
are common to the mass of the metal and are not superficial. It may 
be assumed that the hydrogen absorbed on pickling may exist in two 
phases, the one as a solid solution or equivalent phase of iron and 
hydrogen, and the second as dissociated or actual H, molecules con- 
centrated at non-metallic inclusions, grain boundaries, &c. The writer 
advances the following tentative theory as to the nature of the iron- 
hydrogen complex formed on pickling, and its properties on testing. 

On pickling, the iron absorbs hydrogen to form a solid solution 
phase or its equivalent. This phase is necessarily very unstable, and 
is decomposed on straining the metal as would occur in the ordinary 
tensile, bend, or torsion tests, resulting in the formation of the second 
phase. Actually, therefore, in such tests the original solid solution 
phase is not tested, but the second, which may be expected to show 
the characteristics of embrittlement. By testing the pickled metal 
dynamically as in the impact test, the properties of the first phase are 
determined, and it may be found to have superior properties in certain 
respects to the unpickled metal. Many methods present themselves 
for the further investigation of these points, such as dynamic tests 
of other types, and tests whereby purely physical characteristics are 
determined, including X-ray analysis, electrical properties, &c. 
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In a written reply, Mr. Surron stated: In further reply to 
Dr. Rosenhain’s remarks as to whether recovery occurred by removal 
of hydrogen or by a change of condition of the hydrogen, no crucial 
evidence on that point had been obtained in the experiments. It 
appeared possible that both processes might occur. 

He had made no attempts so far to measure stresses set up by 
pickling, but it might be of interest to mention that Koch? had re- 
corded length increases of 1-5 to 8 per cent. for palladium treated with 
hydrogen. 

Mr. Turner had mentioned the increase in Brinell hardness observed 
by Mr. Slater. In the author’s tensile tests on the low to medium 
tensile carbon steel samples, a slight increase in tensile strength due 
to pickling was generally observed. The amount of the increase was 
usually small, however. 

Referring to Mr. Mitchell’s remarks, the mild steel described in the 
paper was not typical of the mild steel of commerce. From experi- 
ments on the effect of variation of pickling-bath temperature it appeared 
that the embrittling effect of a particular sulphuric acid bath tended 
to increase with increasing temperature, but the increase in the range 
50° to 100° C. was slight. 

In reply to Mr. Brearley, the embrittling effect of the standard 
pickling mentioned in the paper on steel wires certainly penetrated 
more than 0-005 in. from the surface. 

As regards the behaviour of hardened steel tools, probably it would be 
best to avoid pickling altogether, and to carry out the necessary cleaning 
by sand-blasting or other means. Hardened tools would be already 
somewhat brittle before pickling, and the measurement of increased 
brittleness due to pickling would be a difficult matter. The tendency 
of hardened tools to crack on pickling would probably be influenced 
greatly by factors such as soundness of the steel, uniformity of composi- 
tion, mass and form of the tool, &c. On p. 200 it was stated that “the 
brittleness produced by pickling is, in general, greatest when the steel 
is in its hardest condition.” It was realised that some of the data 
given in the paper indicated slight deviations from that generalisation, 
but decreasing the hardness and tensile strength of the steels by the 
use of increasing temperatures of tempering generally caused con- 
vergence of the curves representing bending properties of the pickled 
and unpickled samples, and gave an indication that for fully softened 
material the embrittling effect would be very slight indeed. No such 
conclusion was reached regarding the pickling-cracking tendency. 

In reply to Mr. Portevin, it appeared that a much higher degree 
of internal stress was required in steel than in brass in order to render 
it liable to crack on contact with appropriate reagents. Fortunately, 
steels were not generally used in conditions in which the susceptibility 
was great, but springs and other parts of hardened steel, tempered at 
low temperatures, were frequently left in such a condition. Owing to 

1 Koch, Annalen der Physik, Feb, 8, 1918. 
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the large number of steels, heat treatments, corroding and pickling 
media, &c., concerned in steel technology a large amount of experi- 
mental work was required. 

Referring to Mr. Slater, the results given in his interesting com- 
munication bore very closely on his (Mr. Sutton’s) experiments. The 
permanent deterioration of hard-drawn wires in Mr. Slater’s tests 
might be due to the formation of pickling cracks, which would not be 
influenced by standing or by heating to 100° C. 

With regard to impact tests, Brenier! observed that the pickling 
of a steel had no appreciable effect on the Izod value. He (Mr. Sutton) 
felt that the steels used in Mr. Slater’s interesting series of Izod tests 
on steels of varying carbon content were probably rather too soft in 
the normalised condition to permit a general conclusion to be reached. 
Mr. Slater’s theory appeared inconsistent with Pfeil’s work, in which 
cold-working removed pickling brittleness. 


1 Revue de Métallurgie, Mémoires, 1925, vol. xxii. p. 568. 
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THE MECHANICAL AND METALLURGICAL 
PROPERTIES OF SPRING STEELS AS 
REVEALED BY LABORATORY TESTS. 


By G. A. HANKINS, D.Sc., A.R.C.S., anp Miss G. W. FORD, B.Sc. 


INTRODUCTION. 


THE investigation described in the present paper has been carried 
out at the National Physical Laboratory as part of the systematic 
investigation of the mechanical and metallurgical properties of 
spring steels which forms part of the programme of the Springs 
Research Committee of the Department of Scientific and Indus- 
trial Research. The results of various other researches authorised 
by the Committee have been published by the Department, but 
the major part of the present paper forms a continuation of an 
investigation published by the Iron and Steel Institute in 1926.2 
The previous paper gave details of the results obtained in a 
laboratory investigation of a 0-6 per cent. carbon steel, a 0-8 per 
cent. carbon steel (both oil-quenched), a silico-manganese steel, 
and a chrome-vanadium steel. The present paper gives the 
results of similar tests on a low-chromium steel, a high-chromium 
steel, a nickel-chrome steel, and two water-quenched carbon 
steels, one of which is the 0-6 per cent. carbon steel mentioned 
above, and completes the investigation of steels falling within the 
limits of analysis specified by the British Engineering Standards 
Association for standard spring steels. In the course of the work, 
endurance fatigue limits have been determined on each steel in 
three or four conditions of heat treatment, but it 1s necessary to 
state that other experiments authorised by the Springs Research 
Committee have shown that, in regard to fatigue, the properties 


1 Communication from the National Physical Laboratory, received February 9, 
1929. Research carried out for the Engineering Co-ordinating Research Board 
of the Department of Scientific and Industrial Research. 

2 Hankins, Hanson, and Ford, Journal of the Iron and Steel Institute, 1926, 


No. II. p. 265. 
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developed in actual laminated springs are far below those which 
would be anticipated from the results of the present tests. It 
should be clearly understood that the results of laboratory fatigue 
tests on prepared polished specimens give little or no indication 
of the actual fatigue values which the same material usually 
develops when used in the ordinary condition in the form of 
heat-treated rolled plates in laminated springs. Accordingly, the 
investigation has not led to safe stress determinations which can 
be directly applied to the design of normal laminated springs as 
now made, but the fatigue results represent what may be regarded 
as the intrinsic properties of the materials, and enable compari- 
sons to be made on that basis. The immediate value of the 
work lies in showing that nearly all the steels investigated can 
be so heat-treated that they give a high resistance to bending 
fatigue, whereas the actual resistance of commercial heat-treated 
spring plates is low. This has led to an investigation, now in 
progress, of the factors which govern the fatigue failures of the 
commercial plates. A short discussion of the preliminary work 
of this further investigation is given at the end of the present 
paper. 


Laporatory Tests on STANDARD STEELS. 


Materials—The steels investigated were obtained mainly in - 


the form of flat plates 8 in. by 2 in. in section, and the tests were 
devised with a view to disclosing the mechanical properties when 
disturbing factors, such as surface blemishes and decarburisation, 
had been eliminated. ‘The steels were supplied by leading firms 
of steel makers, and in addition to the flat plates small quantities 
of rolled bar from the same casts were available in most cases. 
The chemical analyses, together with the specifications to which 
the steels were supplied, are given in Table I. It will be noted 
that the 0-6 per cent. carbon steel and the two chromium steels 
fall within the British Engineering Standards analysis for spring 
steel plates. The nickel-chrome steel is not normally used as a 
spring steel, but was included in the investigation for a general 
comparison of results. Difficulty was experienced in obtaining 
uncracked water-quenched specimens of the 0-6 per cent. carbon 
steel, but some of the results obtained appear to be of sufficient 
interest to justify their inclusion in the present paper. In order 
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to obtain further information on the properties of a water- 
quenched carbon spring steel, the 0-46 per cent. carbon steel 
was included. This material was supplied as a typical spring 
steel which had proved satisfactory in the manufacture of water- 
quenched springs. It will be noted that both the carbon and 
manganese contents of this steel are below the specification limits 
for a carbon spring steel. 


Taste I.—Analyses of Materials. 


Serial Carbon. | Silicon. | Sulphur.| P20: | Man- | wicke,| Chro- 
ni 


-21 | 0-007 | 0-012 | 0-77 | 0:08 
-50 | 0:06 | 0:05 |0-60to| ... 

1-00 
‘09 | 0-037 | 0-026 | 0-51 | 0:08 


Specification 0-50 to 
0-65 
S8 |0-46 per cent. | 0:46 
carbon 


eee Designation. %, of, he uae of, See 
S3 | Low-chromium 0-60 | 0-26 | 0-036 | 0-036 | 0-62 S80 0-56 
Specification 0:55to| 0-50 | 0:06 | 0-05 |0-50to| ... |0-45to 
0-65 0-80 0-70 
S4 | High-chromium 0-45 | 0-12 | 0-010 | 0-014 | 0-69 060 1-14 
Specification 0-45to| 0-50 | 0:06 | 0-05 |0-50to| ... 1-0 to 
0-55 0-80 1-4 
S7 | Nickel-chromium 0-36 | 0-29 | 0-020 | 0-023 | 0-50 | 3-42 | 0-60 
S1 | 0-6percent.carbon| 0-60 | 0 0-09 
0 ies 
0 


Note.—The specification figures for silicon, sulphur, and phosphorus are 
maximum values. 


Heat TREATMENT. 


The methods used in the heat treatment were similar to those 
described in the previous paper, and it now suffices to say that 
the quenching temperatures were determined by a combination 
of thermal curves, microscopic examination of quenched speci- 
mens, and hardness tests. The desired hardening conditions were 
such that the resulting material possessed a martensitic structure, 
a high Brinell number, and did not show quenching cracks. Hach 
material was subjected to a series of mechanical tests when 
drawn to three or four different tempering temperatures. Details 
of salient features in the heat-treatment experiments are given 
below. 

(1) Low-Chromium Steel—On the heating curve a marked 
arrest occurs at 760° C.; on the cooling curve a slight arrest 
occurs at 798° C., and a marked arrest at 711° C. Oil-quenching 
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of small pieces from 820° C. and 


800° C. gave martensitic struc- 


tures, Brinell numbers of over 600, and satisfactory uniformity 
of hardness. The results of hardness tests on 3-in. pieces of 


plate material, oil-quenched from 
in Table II. and in Fig. 1. 


800° C. and tempered, are given 


TaBLE II.—3-in. Pieces Oul-Quenched from 800° C. 


Tempering erent | --- | 250 | 300 | 350 | 400 | 450 | 500 | 550 | 600 
° co 
Brinell number . | 630 | 620 | 590 | 580 | 510 | 450 | 430 | 415 | 


sl 


365 


700 


600 


500 


400 


BRINELL HARDNESS NUMBER 


500 


200 


UNTEMPERED 100 200 


300 400 500 600 


TEMPERING TEMPERATURE. °G. 


. Low-chromium spring steel 


. 0-46 per cent. carbon sprin 
. 0-6 per cent. carbon spring 


Cue OO De 


, oil-quenched from 800° C. 


. High-chromium spring steel, oil-quenched from 820° C. 
. Nickel-chrome steel, oil-quenched from 820° C. 


g steel, water-quenched from 810° ©. 
steel, water-quenched from 800° C. 


Fia. 1.—Tempering-Temperature/Brinell-Hardness Curves. 


a 
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From these results it was decided to carry out mechanical 
tests on the material oil-quenched from 800° C. and tempered 
at each of the temperatures 400°, 500°, and 600° C. 

The material showed a troosto-martensitic structure for each 
of these tempering temperatures ; Fig. 7 (Plate XXIV.) shows a 
typical structure of the material after tempering at 500° C. 

(2) High-Chromium Steel.—One arrest point was observed on 
the heating curve at 767° C., and two points, 780° C. and 717° C., 
were observed on the cooling curve. It was found that the 
oil-quenching of small pieces of this steel from 820° C. produced 
a martensitic structure and a Brinell hardness number of 565. 
Oil-quenching from 800° C. also produced a martensitic structure, 
but the resulting hardness was low, of the order of 440 Brinell. 
The results of hardness tests on 3-in. pieces, quenched from 820° C. 
and tempered, are given in Table III., and are shown in Fig. 1. 


TaBLE III.—3-in. Pieces Oul-Quenched from 820° C 


. 
A 


Tempering temperature.| ... | 250 | 300 | 350 | 400 | 450 | 500 | 550 | 600 
2c: | 
Brinell number . . | 560 | 550 | 500 | 480 | 465 | 435 | 395 | 380 | 335 


From the results of these experiments, it was decided to use 
a quenching temperature of 820° C., and tempering temperatures 
of 850°, 425°, 500°, and 575° C. Fig. 8 shows the structure of 
the material as oil-quenched from 820° C. and tempered at 500° C. 

(8) Nickel-Chromium Steel—On the heating and cooling 
curves the arrest points were not very definite, and, in order to 
find the temperature at which the ferrite was taken into solution, 
small pieces of the steel were quenched in oil from temperatures 
between 800° C. and 850° C. It was found that oil-quenching 
from 800° C. did not give a completely martensitic structure, 
but after heating at 820° C. for 15 min. and then quenching, the 
ferrite had disappeared and a martensitic structure was produced. 
The results of hardness tests on 8-in. pieces of the hardened and 
tempered material are given in Table IV. and are shown in Fg. 1. 
The pieces were quenched in water after tempering. 

On account of the occurrence of temper-brittleness in some 
nickel-chromium steels, a series of notched-bar tests (Izod type) 
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was made on specimens cut from the above 3-in. pieces. It was 
not possible to prepare standard Izod specimens from these 
pieces, and 8-mm. by 8-mm. specimens were used, the notch in 
each case being a 45° notch, 1 mm. deep and 0-25 mm. root 
radius. The results of tests on these specimens in a standard 
120-ft.-lb. Izod machine are given in Table IV., but, owing to the 
deviation of the notches from the normal standard dimensions, 
the results are comparative for this series only. 


Taste 1V.—Hardness and Comparative Notched-Bar Tests. 
Pieces oil-quenched from 820° C. (15 min. at 820° C.). 


Tempering Brinell nore baorhedt Mean Energy 
eo aruabae inlb. AG eb 
Oo 537 9-2 7:8 Ber 8-7 
250 515 11-2 11-0 11-2 iT-d 
300 505 8-5 8-6 9-2 8-8 
350 480 4-5 4-5 4-9 4:6 
400 455 4-4 5-2 5-0 4-9 
450 410 10-0 9-2 10-8 10-0 
500 365 20-7 22-0 23-1 PAL oY 
550 358 24-0 26-4. 26-8 25-7 
600 335 31-0 30-4 31-0 30-8 


The notched-bar results are low for tempering temperatures 
of 850° C. and 400° C., but there is no indication of brittleness 
at the higher tempering temperatures. 

In view of the above results it was decided to adopt 820° C. 
as the quenching temperature of the material for the mechanical 


tests, and to maintain the pieces at that temperature for 15 min. 


before quenching. The tempering temperatures adopted were 
350°, 400°, 450°, and 500° C. When normalised from 820° C. the 
structure of the material was partly sorbitic, and when quenched 
from 820° C. a fine martensite was obtamed. Fig. 9 shows the 
structure after quenching from 820° C. and tempering at 400° C. 

(4) 0-6 per cent. Carbon Steel—Details of the heat treatment 
and mechanical properties of this material when oil-quenched 
have been given in the previous publication!; the present 
experiments are concerned with the properties of the material 
when quenched in water. 


1 Loe. cit. 
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On the heating curve A, was absent, and a very slight arrest, 
probably A3,, occurred at 760° C.; a well-marked arrest, A,, 
occurred at 729° C. On the cooling curve only one arrest, at 
679° C., was observed. 

A large number of water-quenching experiments were carried 
out on 3-in. plates of this steel, using furnace temperatures of 
from 950° C. down to 800° C., and quenching-water temperatures 
oi from 18° C. up to 50° C. It was found that Brinell numbers 
from 650 to 700 could be obtained when the quenching-water 
temperature was 18° C., but obvious hardening cracks were 
present. Higher temperatures of the quenching water gave 
lower proportions of cracked specimens, but also gave lower final 
hardness values and unevenly hardened material. Scale cracking 
in water before quenching did not appear to give appreciably 
greater uniformity. In general, it appeared that when the 
quenching and water temperatures were such that cracks were 
entirely eliminated, then incomplete and non-uniform hardening 
was obtained. Finally, however, a certain degree of success in 
the hardening was attained by quenching from 800° C. into water 
at 50° C. 3-in. plates quenched in this way showed no obvious 
_ cracks, and also gave Brinell numbers of the order of 600. Very 
small cracks may have been present in these specimens, however, 
since in three cases, although no cracks could be seen by the eye 
on a fine ground surface, when a ball impression was made on 
the surface fine cracks could be seen radiating outwards from the 
impression. Alternatively, it is possible that the internal stresses 
in the material were such that the extra stress set up by the ball 
test was sufficient to start the cracks, although no actual cracks 
may have been present before the hardness tests were made. 
_ If such were the case, the effect of tempering would be to relieve 
the internal stresses. Accordingly, a number of 3-in. plates were 
quenched from 800° C. into water at 50° C., tempered at various 
temperatures, and then tested for hardness. The results obtained 
are given in Table V. 


TaBLe V.—3-in. Pieces Quenched from 800° C. into Water at 50° C. 


| 

| Tempering temperature.| ... | 250 | 300 | 350 | 400 | 450 | 500 | 550 | 600 
eG. 

Brinell number . . | 610 | 590 | 550 | 490 | 475 | 430 | 380 | 350 300 
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No cracks were observed in any of these specimens, either 
before or after the hardness tests, and it was decided to attempt 
the treatment of plates for mechanical tests, using tempering 
temperatures of 400°, 450°, 500°, and 550° C. The pieces for 
the fatigue and Izod tests were in the form of 6-in. plates of the 
3-in. by 2-in. section, and although uniformity of hardness was 
not very good on these pieces after treatment, no quenching 
cracks were apparent, and the usual fatigue and Izod specimens 
were prepared. The results of these tests are included in 
Tables VIII. and IX. The hardening and tempering treatment, 
however, was not satisfactory for the large tensile pieces, and 
hardening cracks occurred in most of the treated specimens. The 
cracks were not obvious on a ground surface, but the actual 
failures in the tensile tests showed that cracks were present, and 
the results were unreliable. After spoiling many specimens, the 
tensile tests were abandoned. Similarly, torsion test-pieces, 
prepared from 14-in. diam. bar and then hardened and tem- 
pered, were also found to be cracked, and these tests were also 
abandoned. Apparently, the quenching treatment was satis- 
factory for 3-in. and 6-in. lengths, but not for 18-in. lengths or 
for prepared torsion specimens. 

Fig. 10 (Plate XXV.) is a micrograph of the material when 
water-quenched from 800° C. and tempered at 450° C.; the 
structure is mainly martensitic. 

(5) 0-46 per cent. Carbon Steel—The thermal curves showed 
arrest points at 724° C. on the heating curve, and at 686° C. on 
the cooling curve. 

Examination of small water-quenched specimens showed no 
signs of hardening cracks, but the uniformity of hardness was 
not good. After a number of trials, it was found that the best 
results were obtained by holding specimens at 810° C. for about 
20 min. and then quenching in water at 20° to 25° ©. This 
treatment produced a material with a martensitic structure, a 
Brinell number of 550 to 600, and no indications of cracks. The 


TaBLE VI.—3-in. Pieces Water-Quenched from 810° C. 
ed temperature.| ... | 250 | 300 | 350 | 400 | 450 | 500 | 550 | 600 
Brinell number . - | 550 | 540 | 540 | 490 | 450 | 390 | 340 | 310 | 280 
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Taste VIT.—Results of Tensile Tests. 
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: a) sdijal age |2 l€ (os 
Pees eS come ones 
Material. Heat Treatment, A as se ME 83 Ase | dss 43 fs 
ae eel a wee eee 
#|eS|Ra| 22 | 3 |B | RRs 
jen} AY A pa A o 
: °C. °C. ‘i x 108 
Low ao Normalised 815 274. 31 ee 5523 I 1LO-si sou s0Ls 
etee AGT Ae TS We) 10d ec) eae San sey 
0.-Q. 800, T. 400 1] 471 | 78 | 22. | 108-31 2:5 | 21 30-6 
409 | 69 |... | 89-7] 6-3 | 12 | 30-2 
0.-Q. 800, T.500 {/ 477 | 68. |<. | 90-5| 5-0 | 11 | 30-5 
(\'342 | 46 |. | 74-21 7-2 | 311 30-5 
0.-Q. 800, T. 600 |} 595 | 45 |". | 72-3] 6-0 | 98 | 30-5 
High - chromium | Normalised 830 250 | 34 | 40 | 53-9 | 12-5 | 50 | 30-3 
steel PAN SO ee O wiles. he LOO 25) are I | 29-9 
O.-Q. 830, T. 350 1] 480 | 70/2. | 105-0} 2. | 1 | 29-8 
; 450 | 70 | 941} 100-2| 4-3 | 13 | 29-8 
Pe SORE SP a! 450, 11, 62 1106/1081) 4-422 | ee 
‘| 390 | 63 |78| 84-5] 6-3] 32 | 30-0 
O-Q- 830,900 7} 5951 56 | 814 87-6 | 6-9 991... 
(| 350] 47 | 69| 73-9] 8-61 36| 30-1 
0.-Q. 830, T. 575 {| 359 | 49 | 71| 75-01 8.6 | 35 | 30.2 
Nickel-chromium Normalised 820 304 25 45 66-0 | 11-2 | 31 | 30-1 
steel 460 | 56 |90| 97-4| 4-2] 12] 30-0 
0.-Q. 820, T. 350 {| 469 | 55 | 89 | 98-7| 4-2] 12 | 30-2 
0.-Q. 820, T.400 | 441 | 63 | 88/| 92-9| 6-2] 35 | 30-2 
0.-Q. 820, T.450 | 404| 60 | 86] 88-9] 6-9 | 35 | 30-4 
361 | 55 | 721 76-0'-9-0 | 34| ... 
0.-Q. 820, T. 500 {) 379 | 54 | 731 76-0| 9-2 | 32 | 30-1 
0:46% carbon | Normalised 820 178 | 22 | 25 | 40-2 | 20-9 | 39 | 30-0 
steel W.-Q. 810, T.400 | 380] 42 | 62] 83-3| 4-2]...1 ... 
340 | 40 | 89] 68-7] 6-6 ih 
W.-Q. 810, T. 450{| 359 | 49 |... | 74.3 4.2 ae 
310 | 35 | 51] 63-3| 8-1 30-5 
W.-Q. 810, T. 500 {| 399 | 39 | 56| 63-91 7-2 30-2 
290 35 |'56 1 61-1] 8-2 30-2 
W.-Q. 810, T. 550{) 589 | 30 | 45 | 57-6 | 10-2 30-2 


O.-Q. = oil-quenched ; W.-Q. = water-quenched ; T. = tempered. 
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Nt er Estimated 
; Brinell puree of ea tes 
Material. Heat Treatment. Nearer Specimen. | Tons per Renealad Limit. 
sq. in. | (Millions.) ee 
PGs 2G; 
Low-chromium | O.-Q. 800, T. 400} 520 S3I1C | + 56-5 | 0:08B 
steel 1B |+55:2/}0:14B 
1H | +53-5 | 0:65 B 
IF |+52:2/0-:05B |] +48 
1A | + 52-0 |12-70U to 
ID |+49-:1|0-:15B| +52 
Low-chromium | 0.-Q. 800, T.500} 435 S3I3A | +46-7 | 0-10B 
steel 3B | +44-0 | 0-21B 
3D | + 43-0 |12-27U 
Low-chromium | O.-Q. 800, T.600| 368 S3I5A | + 43-2 | 0-15 B 
steel 5B |+ 40-8 | 0:09B 
5D |+ 40:8} 0-:21B 
5H eles 39 2 0 +92 B 
5C | +38-0 |10:-45U | +38 
High-chromium | O.-Q. 820, T.350| 474 | S4J15H | + 52-5 | 0-06B 
steel 15A | + 52-2 | 0-08B 
15F | -+50:8 | 1-11B 
15D | + 49-1 |12-61U 
15B | + 46-6 |12-62U |} +50 
High-chromium | 0.-Q. 820, T.425| 438 | S4J17H | + 48-3 | 0:35B 
steel 17A |+48-0 | 0-59B 
17F | +47-0 | 0:-42B 
17D | + 45-9 |10:05U 
17B | + 45-6 | 0:20B 
17C. | + 44-5 |10-15U | +45 
High-chromium | 0.-Q. 820, T. 500} 393 | S4J19A | -+43-8 | 0-13B 
steel 19B |+ 41-0 | 0-62B 
19D |+ 40-1] 1-03B 
19C |+38-1 /10:02U | +939 
High-chromium | 0.-Q. 820, T.575| 343 | S4J21F |+42-1|0-46B 
steel 21H | + 39-4 |10:36U 
21D | + 38-0 |10-40U 
21A | + 37-8 | 0-21B 
21C | + 36-8 |10-18U 
21B |4+ 35-4] 5-78U |] +38 
Nickel-chromium | O.-Q. 820, T.350| 481 ST7D4B | + 52-0 | 0-12B 
steel 4D | +52-0 | 0:36B 
4C | +50-8 /11-71U 
4A |+49-4 10-19U | +51 
Nickel-chromium | 0.-Q. 820, T. 400} 438 STL6H | + 48-0 | 0-21B 
steel 6F |+ 46-6 | 4-42U 
6A |+46-5 | 2-:25B 
6D |+45-0 |10-42U 
6B | + 43-6 |10-:89U | + 46 
0.-Q. = oil-quenched ; W.-Q. = water-quenched ; T, = tempered, 


B. = broken ; U. = unbroken, 
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Estimated | 


. Stress Number i 
Material. Heat Treatment. eo Specimen. Tons ee oP ae Limite 
ERE (Millions.) oat hed 
Oe OKO 
Nickel-chromium | 0.-Q. 820, T. 450} 406 STL8F | + 45-0 |12-27U 
steel 8A | + 44-5 | 1-79B 
8H | + 48-8 |10-13U 
8B =i 43 -2 0:74 B sie 42 
8C | + 42-2 | 0-15B to 
| 8D | + 41-9 |10-26U + 45 
Nickel-chromium | O.-Q. 820, T. 500} 378 STLIOB | + 44-5 | 0-:09B 
steel 10C | +44:-0 | 0-32B 
10D | + 41-9 |13-48U 
10A | + 40-5 |10-52U + 42 
0:6% carbon W.-Q. 800, T.400| 460 |SIH10B |+51-0/| 0-18B 
steel 10A | -- 46-7 | 0-05B 
10H. | + 46:0 | 0-15 B 
10F | 444-0 |15-81U 
100 | + 38-6 |11-58U + 45 
0-6% carbon W.-Q. 800, T.450| 415 |SIH12A | + 42-6 | 0-27B 
steel 12C |+ 41:0 | 0:51B 
12D Sle 40-6 0:35 B 
12F | + 38-6 | 5:38U 
12B | + 37-2 |16:33U | +39 
0:6% carbon W.-Q. 800,T.550| 350 |SIH16B | + 38-6 | 0:82B 
steel 16C | + 37-5 | 0:33 B 
16D =i 37-5 8-75 U 
16A | + 36-0 |17:47U + 37 
0:46% carbon | W.-Q.810, T.400| 435 S8B5A |-+ 43-3 | 0:09 B 
steel 5B |+41-3 | 0-10B 
5F Sis 38 2 0 ‘21 B 
5C | + 37-3 | 0:12B 
5H# | + 35-9 |10-19U 
5D | + 34-6 |10:56U + 36 
0:46% carbon | W.-Q.810,T.450| 370 S8B6D |+ 40-7 | 0-11 B 
steel 6H |+39-4 | 0:25B 
6Fr Spe 38 6 0 4 10 B 
6C | + 38-0 /11-79U 
6B | + 36-6 | 0-58 B | + 35 to 
6A | + 34-0 |11-:80U + 38 
0:46% carbon | W.-Q.810,T.500| 320 S8B7D | +38-6 | 0:17B 
steel 7C | + 38-0 |. 0:20 B 
7B | +37-2 | 0:22B 
7A | + 35-6 |10-:01U 
7F | +33-2 |12-30U | +36 
0:46% carbon | W.-Q.810,7.550} 300 S8B8B |+33-2 | 0-14B 
steel 8C |+33-2 | 0-49 B 
8D | +32-9 | 0:35 B 
8F | +32-9 |18-45U 
8H | + 31-9 |10-:09U 
8A | 430-6 |12-45U | +33 


O. -Q. = oil-quenched ; W.-Q. = water-quenched ; T. = tempered. 
B. = broken; U, = unbroken. 
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uniformity of hardness, however, was not so good as that obtained 
in oil-quenched spring steels. The mean results of hardness 
tests on 38-in. pieces subjected to the above water-quenching 
treatment and then tempered are given in Table VI. (p. 224). 

From the results of the above experiments it was decided to 
use 810° C. as the quenching temperature of the material for 
the mechanical tests, holding the plates at this temperature for 
20 min., and to use tempering temperatures of 400°, 450°, 500°, 
aid 550° C. 

A typical structure of the hardened and tempered material is 
shown in Fig. 11, but patches of softer material also occurred. 
A region, typical of the softer patches, is shown in Fig. 12. 


MecHanicaL TxsgtTs. 


Tensile, fatigue, Izod, and torsion tests were made on the 
hardened and tempered materials, and in all cases the test methods 
were the same as those described in the previous paper. 

Tensile Tests—The results of the tensile tests are given in 
Table VII. (p. 225) ; it should be noted that the complete length of 
a specimen was 18} in., and that the gauge length of 8 in. was 
adopted in accordance with the standard form, in which 


gauge length = 11-3-/ (cross-sectional area). 


In the case of the high-chromium steel it was found that the 
hardness values in the tensile test-pieces after heat treatment 
were lower than those given in Table III., and a quenching 
temperature of 880° C. was used for these large specimens. 

Fatigue Tests.—The fatigue tests were made by the endurance 
method on rotating cantilever specimens running at 2000 to 
2500 r.p.m. Hach batch of specimens was cut out from a 6-in. 
length of the 8-in. by 3-in. plate after heat treatment, and each 
specimen was ground to size and then polished. The results 
of the tests are given in Table VIII. (pp. 226-227). 

Notched-Bar Impact Tests—The tests were made by the Izod 
method in a standard 120-ft.-lb. machine. The cross-sections of 
the specimens were 9 mm. by 9 mm., as in the previous tests, 
and the notch had an angle of 45° with a depth of 1 mm., and 
0-25 mm. root radius. The results of the tests are given in 
Table IX. 
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TABLE 


IX.—Results of Notched-Bar Impact Tests. 
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Material, 


Low-chromium 
steel 


High-chromium 
steel 


Nickel-chromium 
steel 


0-6% carbon 
steel 


0-46% carbon 
steel 


Heat Treatment. 


Cen o. 
0.-Q. 800, T. 400 
O.-Q. 800, T. 500 
0.-Q. 800, T. 600 
0.-Q. 820, T. 350 
O.-Q. 820, T. 425 
0.-Q. 820, T. 500 
O.-Q. 820, T. 575 
0.-Q. 820, T. 350 
0.-Q. 820, T. 400 
O.-Q. 820, T. 450 
O.-Q. 820, T. 500 
W.-Q. 800, T. 400 
W.-Q. 800, T. 450 
W.-Q. 800, T. 500 
W.-Q. 800, T. 550 
W.-Q. 810, T. 400 
W.-Q. 810, T. 
W.-Q. 810, T. 


W.-Q. 810, T. 


450 
500 
550 


Brinell Hnergy Absorbed. 
Number. Ft.-Ib. 

514 2-3 2-6 2 
20 2-0 2 

438 LOS OSS ones, 
8-6 8-0 9 

363 23-7 23:0 20 
22:0 22-0 24 

500 Gedy Woe) ale 
TSE Ze LO SL 10 

450 12:9 12:4 12 
12°) 11-0) 12 

410 20-0 18:6 I1 
L622 eS h7 

350 53-2 48-1 53 
47-7 52:0 46 

477 6-5 4:0 4 
5:0 3:4 6 

448 56-8 6:2 4 
62 58 5&5 

426 2 TORE tlk OAL 
12:0 10-9 12 

375 20:0 26-2 23 
25:5 25:5 21 

470 8:0 9:0 8 
8-4 8-9 8 

416 iPod isyot Ti) 
13:0 11-5 12 

360 26:0 25:0 22 
23:6 27:5 23 

340 28-3 33:0 24 
23:2 32:4 24 

400 3°8 4:0 3 
ao) Bie) 3} 

370 10:5 17:0 16 
Tasos = UPA yf hel 

320 26-8 31-3) 17 
22-5 25:7 15 

295 4-5 39-1 41 
30-0 23-0 37 


RASDOHSSWHOISHASOH GH AHAWUNSOHSHOOUOCaOA 


Mean 
Energy 
Absorbed. 

Ft. 


o bw 


14 


23° 


34- 
(mean 
of 5) 


-lb. 


a Gf ® OSs & a os 


7 


2 
2 


O.-Q. = oil-quenched ; W.- 


Q. = water-quenched ; T. = tempered. 
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Torsion Tests.—Torsion tests were made on the two chromium 
steels and on the nickel-chromium steel; the results obtained 
are given in Table X. 


TaBLE X.—Results of Torsion Tests. 


aaa. vn | taste Hatta 
Material. Heat Treatment. | yomnell tionality Baptane, Rigidity. twist 
sq.in. | sq.in. | sq.in. | Degrees. 

ALOE CEO), , al a | vie x 0e 
Low-chromium 0.-Q. 800, T. 400 | ors es 80-0 aS es 
0.9.90, 2.s%0|| 8 | #1 | Bo] Se 
0.0.s0n'7-0m{| 3h | at WB) | 108 
High-chromium | 0.-Q. $20, T. 350 pee Meer ee ete lag 261 
o.a.sn, nasi] He | | SO | tee | at 
o.a.su,n.s00{) Be | | 9 | Nt) ae 
o.a.sun.ots|) Be | Bes | Ne te 
Nickel-chromium 0.-Q. 820, T. 3504 oh eae ae a 
0.0.50, 7. 400{] #9 | a | 2 | 3 | a 
0.-Q. 820, 7. 450{] foe | 4a | 69-1 | 11-6 | 1026 
ong. nome | | Se | as | 


O.-Q. = oil-quenched ; T. = tempered. 


The results of the tests are summarised in Fig. 1, which gives 
the Brinell-number/tempering-temperature relationship, and in 
Figs. 2, 3, 4, 5, and 6, which show the mean results of some of 
the mechanical tests. The following brief comments on the 
properties of the individual steels appear to be justified. 

Low-Chromium Steel (Fig. 2)—The fatigue limit values 
obtained with this steel are slightly below the mean values 
obtained from the other oil-quenched spring steels. The general 
mechanical properties appear to be somewhat similar to those 
of the oil-quenched 0-6 per cent. carbon steel (see previous paper), 
the Izod values and reduction of area figures being below those 
of the other steels containing chromium. There was some 
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EXTENSION ON 8IN% 


® REDUCTION OF AREA.% 


8 BRINELL HARDNESS NUMBER 


25 


20 


400 500 600 
TEMPERING TEMPERATURE. °C. 


Fig. 2.—Tests on Low-Chromium Spring Steel, oil-hardened 
from 800° C. 


' IMPACT, .FT-LB. 
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evidence that mass effect in the quenching operation was more 
marked in this steel than in the others. 

High-Chromium Steel (Fig. 3)—The fatigue limit values 
obtained on this steel are about the same as the mean values 
obtained from the other oil-quenched steels. The reduction of 
area is low at the lowest tempering temperature, but there is a 
very marked increase with an increase in the tempering tempera- 
ture. The Izod figure corresponding to the Brinell hardness 350, 
namely, 50 ft.-lb., is the highest value obtaimed in the whole 
series of tests. 

Nickel-Chrome Steel (Fig. 4).—This material is not usually 
regarded as a spring steel, but the mechanical properties developed 
in the tests do not show any very marked differences from those 
given by spring steels. The fatigue limit of the material when 
tempered at 350° C. (Brinell hardness number 480) is + 51 tons 
per sq. in., and this is the highest value which has been obtained 
in the present series of tests, but, considering all four fatigue 
determinations, the values are very similar to those obtained 
with silico-manganese steel tempered to the same Brinell hardness. 
The tensile limit of proportionality of the steel when tempered 
at 850° C. is low in comparison with the spring steels. ‘The 
reduction of area figures at the higher tempering temperatures 
are good, but the Izod values at the lower tempering temperatures 
are low. 

0-6 per cent. Carbon Steel, Water-Quenched (Fig. 5).—In 
considering these results, it should be borne in mind that great 
difficulty was experienced in obtaining uniform specimens free 
from hardening cracks, but it appears that when such material 
is obtained the mechanical properties are quite good. The 
fatigue limit values are only slightly inferior to those given by 
the alloy steels, and to those for the same material when oil- 
quenched from 950° C. The Izod values corresponding to the 
Brinell hardness 350 are superior to those given by the same 
material oil-quenched, or by the silico-manganese steel, either 
oil- or water-quenched. Both fatigue limit and Izod values of 
the water-quenched 0-6 per cent. carbon steel are superior to 
those of the water-quenched 0-46 per cent. carbon steel tempered 
to the same Brinell hardness. The liability to cracking, however, 
appears to be a drawback to the use of the steel after water- 
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Fie. 3.—Tests OYjch-Chromium Spring Steel, oil-quenched 
\ from 820° to 830° C. 
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quenching ; the experience obtained in the tests suggests that 
water-quenching from about 800° C. and above may produce 


100 
LJ x 
e < 
= 90 us 
= i 
ag ie 
3 : 
G 80 5 6 
wy > 5 
> : 
ete R é 
o : 
= fe) = eduction 7.135 
=x Oo <f 
res fad to) 
= < 2 
& - ; 
Ro) 
A Ss (5, 30 
© 5 ro) 
oe z= 
Sees é 
E 50 50 5H25 
= Zi 
= Litt (Revers ks 
. S ed Stres) a 
> 40 400} iM 4 p uw 
) Oe g a AG) ee 
- b _ 
r : 
| 5 
: E 
ZZ 30 300 3 15 : 
SG a 
a) = 
a . ms 
ud a 
a 20 2 {0°20 
w 
S 
i 
9) 
WK) ie) I SHO 
LJ 
(oe 
kK © 
16) On OR® 


350 400 450 500 
TEMPERING TEMPERATU*: C. 


Fia. 4,—Tests on Nickel-Chrome Steel, oil-Fdened from 820° 0, 


hardening cracks which are not detect: by scragging tests on 
finished springs. Quenching at lower’™peratures may enable 
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Fig. 6.—Tests on 0-46 per cent. Carbon Steel, water-quenched 
from 810° C. 
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uncracked springs to be obtained, the material then being in a 
toughened condition, but the present experiments suggest that 
a considerable lack of uniformity is likely to occur when the 
steel is quenched in this way. 

0-46 per cent. Carbon Steel, Water-Quenched (Fig. 6).—The 
water-quenching did not produce cracked material, but variations 
in hardness occurred in specimens which were subjected to the 
same heat treatments. Since similar methods of heat treatment 
were used throughout the whole investigation, it may be con- 
cluded that the 0-46 per cent. carbon steel when water-quenched 
is likely to be more variable than any of the other steels when 
similar methods are used in the hardening and tempering opera- 
tions. The fatigue limit values of the material are lower than 
the values given by the other steels when tempered to the same 
Brinell hardness. The results suggest that a tempering tempera- 
ture of 500° C., giving a Brinell number of about 820, is the most 
suitable treatment of the quenched material for satisfactory use 
in practice. The Izod value corresponding to this treatment is 
of the order of 28 ft.-ib., and is thus fairly good for a carbon steel. 


GENERAL Discussion or THE RESULTS OF THE 
ComMPLETE INVESTIGATION. 


A general comparison of results, including those given in the 
previous paper, can now be made. It must be remembered, 
however, that the results represent the properties of the materials 
as revealed by laboratory tests on prepared polished specimens, 
and that the fatigue limits obtained are much higher than would 
ordinarily be given by spring plates or wires in the normal 
condition in which they are used in practice. 

A comparison of the properties of the steels can be made by 
plotting the results of each particular test against the Brinell 
numbers, but the diagrams obtained are rather complicated. 
A more convenient general comparison is obtained by grouping 
the results in the manner shown in Table XI. The fatigue limit, 
the tensile limit of proportionality, and the Izod value were 
selected for comparison as the most important properties on 
which to estimate the value of a spring steel. A high fatigue 
limit is necessary for the spring to withstand repetitions of high 
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stress without breaking. A high initial proportional limit mini- 
mises any permanent set and “settling down” of the spring 
in use. The Izod result indicates the resistance which the 
material offers to deformation under highly localised stresses 
and to the growth of a crack, and shows whether or not the 
material has been heat-treated in the best possible manner. The 
result is of relative significance only, but experience in general 
engineering work has shown that a good Izod value is desirable 
for satisfactory service in heat-treated steels. The values of the 
various properties given in Table XI. were obtained from curves 
of the results plotted against the corresponding Brinell numbers. 
The behaviour of some of these materials under torsional fatigue 
has been considered in detail elsewhere,? and it is not proposed 
to discuss the results in the present paper. The results of static 
torsion tests, however, are summarised in Table XII. It will be 
noted that the ratio of the nominal ultimate torsional strength 
to the Brinell number varies from 0-16 to 0:19, whereas the 
tensile tests, with very few exceptions, show the usual approxi- 
mately constant ratio of tensile strength to Brinell number. 
Considering the fatigue limit values, given in Table XI., and 
omitting the 0-46 per cent. carbon steel, the tests show that the 
endurance fatigue limit of any particular steel and heat treatment 
is closely related to the tensile strength and Brinell number, and 
is little affected by the composition of the steel. Thirty-three 
fatigue limit determinations have been made on these steels, and 
the ratio of the fatigue limit in tons per square inch to the Brinell 
number varies within the comparatively narrow range of 0-091 
to 0-115, with a total mean value of 0-105. The higher Brinell 
numbers usually correspond to the lower values of the ratios, 
but this is not always the case. It appears that the endurance 
fatigue limit (rotating cantilever method) of a spring steel 
possessing a Brinell number between 320 and 500, and a marten- 
sitic structure, can be estimated roughly from the approximate 
rule that the fatigue limit in tons per square inch is one-tenth of 
the standard Brinell number. In general, the tests show that 
high-grade steels falling within each of the specification limits 
can be heat-treated to give a satisfactory resistance to bending 
fatigue with polished specimens, and that any differences in 
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behaviour in practice in regard to failure by fatigue cannot be 
attributed to low fatigue limits inherent in the steels and heat 
treatments, provided, of course, that the heat treatment has not 
produced cracks. A typical nickel-chrome steel, which 1s not — 
usually regarded as a spring steel, gives fatigue values which are 
very similar to those obtained with the spring steels. It does 
not follow that the approximate equality of several of the steels 
in resistance to fatigue would also hold for plates or wires in 
which unknown disturbing surface factors were present; the 
present fatigue determinations form an essential preliminary, 
however, to a detailed examination of the surface defects. The 
0-46 per cent. carbon spring steel cannot be included in the above 
generalisations, but even this steel can be water-quenched and 
tempered to give an endurance fatigue limit of + 86 tons per 
sq.in., and an endurance-limit/Brinell-number ratio of over 0-10. 
At low tempering temperatures, however, giving a Brinell number 
of 450, the ratio is down to 0-079 for this steel. This result, 
combined with the low ductility and lack of uniformity, suggests 
that it is advisable to temper straight carbon spring steel so that 
the resulting material does not give a Brinell number in excess 
of 370. 

In the present investigation the fatigue tests were carried out 
on a ten million endurance basis, but a detailed examination of 
the results of the 87 bending fatigue limit determinations on all 
the steels shows that identical results would have been obtained 
in 25 cases if the tests had been made on a one million endurance 
basis. The remaining determinations would have given slightly 
higher values on the lower endurance basis. It appears that 
endurance fatigue tests on polished specimens of spring steels 
would be sufficiently accurate for practical purposes if carried 
out on a two million endurance basis. 

Considering the tensile limit of proportionality figures given 
in Table XI., three results are rather outstanding—namely, the 
low values given by the 0-8 per cent. and the 0-46 per cent. 
carbon steels, and the high value given by the water-quenched 
silico-manganese steel in group 8. In general, the proportional 
limits increase with increasing tensile strength and Brinell number, 
but variations are much more marked than for the fatigue limits. 
It should be noted that the silico-manganese steel when water- 


PLATE XXIV. 


Fic. 7.—Low-chromium steel, oil-quenched from Fic. 8.—High-chromium steel, oil-quenched from 
800° C., tempered at 500°C. 300. 820° C., tempered at 500° C. 400. 


Fic. 9.—Nickel-chromium steel, oil-quenched from 
820° C., tempered at 400° C. 300. 


The above micrographs have been reduced to two-thirds linear in reproduction. 
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Fic. 12.—0°46 per cent. carbon steel, water- 
quenched from 810° C., tempered at 500° C. 
x 600. 


The above micrographs have been reduced to two-thirds linear in reproduction, 


[To face p. 241. 
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quenched gives the highest value for the proportional limit in 
each of the three groups. 

For each steel the Izod figures decrease with increasing 
tensile strength and Brinell number, but wide differences occur 
in the results given by the various steels. At present no definite 
indication can be given as to the exact significance of the Izod 
figure in assessing the value of a spring steel, but, other things 
being equal, the steel possessing the highest Izod value appears 
to be the best one to select for a spring. Apparently, spring 
failures in practice are often due to stress concentrations at the 
bottom of small cracks or other surface discontinuities, and the 
suggestion may be made that a steel possessing a low Izod value 
is more likely to be seriously influenced by such defects than one 
possessing a high Izod value. In group 1 of Table XI. several 
of the steels show good Izod values, particularly the high- 
chromium and chrome-vanadium steels ; in group 2 the chrome- 
vanadium steel is superior to all the others ; in group 8 all the 
Izod figures are low, and the values obtained with the silico- 
manganese steels are very little less than those given by the 
chrome-vanadium steel. 

Considering the fatigue limit, the proportional limit, and the 
Izod values, attention may be drawn to the good combination 
of properties exhibited by the chrome-vanadium steel in group 1, 
and the water-quenched silico-manganese steel in group 3. On 
the basis of the present results the 0-46 per cent. carbon steel, 
water-quenched, is definitely inferior to the alloy steels and to 
the 0°6 per cent. carbon steel, oil-quenched from 950° C. 

The elastic moduli determinations are fairly constant for 
each steel, irrespective of the heat treatment, and, except for the 
low-chromium steel, the mean values for all the steels are about 
the same. Excluding the low-chromium steel, sixty-two deter- 
minations of the tensile modulus of elasticity were made, and the 
results vary from 29-5 x 108 to 30-9 x 106 lb. per sq. in., with 
a total mean value of 80-1 x 108 lb. per sq. in. Similarly, the 
modulus of rigidity varies from 11:8 x 10% to 11-9 x 108 lb. 
per sq. in., with a total mean value of 11-6 x 108 lb. per sq. in. 
For the low-chromium steel the mean values of both the modulus 
of elasticity and the modulus of rigidity are slightly higher than 
the mean values given by all the other steels (see Tables XI. 

1929—i. R 
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and XII.). It is considered that many of the variations from 
the mean given in the detailed results are greater than the 
probable experimental error (this is undoubtedly the case in 
regard to the low-chromium steel) ; for normal design purposes, 
however, it is suggested that the values 80-1 x 108 lb. per sq. in. 
and-11-:6 x 10 lb. per sq. in. for the two elastic constants may 
be used with safety for all spring steels, irrespective of composition 
or heat treatment. 


SurFACE CONDITION AND FatTIGUE OF SPRING STEELS. 


The fatigue tests described in the present paper have been 
confined to experiments on carefully prepared polished specimens. 
In the usual form of laminated spring, however, the material is 
in the form of heat-treated rolled plates, and it should be noted 
that fatigue tests carried out by one of the authors on rolled 
spring plates 1 have given endurance limits much lower than those 
obtained on the present polished specimens. The difference appears 
to be largely due to the surface condition of the material. In the 
normal commercial spring plate there is usually a thin layer of 
decarburised material at the surface, and it is known that this 
surface layer is softer than the main body of the plate. Since 
the present investigation has shown that the real fatigue resistance 
of a spring steel varies with the hardness, the fatigue limit of the 
surface layer is less than that of the inner portion of the plate. 
In addition, the surface of the plate is not plane, but usually 
contains small irregularities of shape, such as small pits, lines, 
and scratches, which would also reduce the effective resistance 
to alternating or repeated stresses. It must also be remembered 
that the bending moments on a spring plate cause the highest 
stresses to occur at the skin, and, accordingly, the presence of a 
decarburised surface layer containing small irregularities of shape 
is highly conducive to the initiation of fatigue cracks at stresses 
much below the real fatigue limit of the main body of the 
material. When a crack has been formed at the skin, the high 
stress concentration at the root of the crack would be sufficient 
to cause it to extend itself into the sound material of the middle 
portion, and so complete failure of the plate occurs. Some 
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indication of the magnitude of the lowered resistance to fatigue 
caused by surface conditions can be obtained from the following 
figures. ; 

Rotating cantilever fatigue tests, in which the specimens were 
ground and polished to size and then heat-treated, were made on 
the chrome-vanadium and silico-manganese spring steels. The 
specimens were then tested in this condition without any further 
machining or polishing; the results obtaimed are given in 


Table XIII. 


TaBLe XIII.—Rotating Cantilever Tests on Heat-Treated 


Unpolished Specimens. 
( Estimated 
Stress, Number of | Fatigue 
Material. | Heat Treatment. Specimen.| Tons per | Reversals. Limit, 
| sq. in. (Millions.) | Tons per 
sq. in. 
OG) 26h 
Silico-manganese | 0.-Q. 950, T. 500 | S6Q1A | + 44-0 | 0-07B. 
steel 1B | + 38-6 | 0-13 B. 
10 | + 33-2 | 0-61B + 27 
1H ait olet 0-46 1B}. 
1D | + 27:8 4-17 B. 
If | + 26:5 |10-770U. 
Chrome-vanadium | O.-Q. 850, T. 600 |S5K1B | + 38:3 | 0-09 B. 
steel 1A | + 33-0 2-51 B. + 32 
1D | + 31-8 |14-15U. 
LO | =. 30-3 10-77 U. 


0.-Q. = oil-quenched ; T. = tempered ; B. = broken ; U. = unbroken. 


The previous tests on polished specimens of these mate- 
rials with the same heat treatments gave values of + 46 and 
-- 42-5 tons per sq. in. for the silico-manganese steel and chrome- 
vanadium steel, respectively. Hence the surface defects arising 
in the heat treatments have caused marked decreases in the 
resistance to fatigue. 

In the case of the 0-6 per cent. carbon spring steel, complete 
laminated springs were made up from this material after rolling 
the original 8 in. by 3-in. plates down to 2 in. by 4-in. section. 
The results of fatigue tests on the complete springs have been 
published elsewhere,! and it is shown that the fatigue limit of 
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the material in the springs was of the order of 0 to 20 tons per 
sq. in. safe range of stress. The fatigue limit of the same 
material with the same heat treatment was -+_ 38 tons per sq. in. 
—that is, a range of 76 tons per sq. in.—when tested in the form 
of prepared polished test-pieces. Endurance tests of complete 
springs of chrome-vanadium steel and silico-manganese steel were 
also made, and none of these springs gave safe ranges of stress 
sreater than 20 tons per sq. in., although from the results of the 
present investigation it 1s reasonable to suppose that the fatigue 
limits of the actual materials were of the order of + 40 tons per 
sq. in. Apparently, the surface condition is the predominating 
factor in causing the fatigue resistance of the complete springs 
to be so much below that of the actual material. 

More detailed investigation of these disturbing surface factors 
is now in progress, but sufficient has been said to show their 
importance in the resistance of spring plates to fatigue. At 
present all that can be said in regard to remedies is that surface 
irregularities in manufacture should be avoided as far as possible, 
and that decarburisation should be reduced to a minimum. 
Complete surface grinding and polishing of spring plates after 
the final heat treatment is hardly feasible, but in special cases 
it may be worthy of consideration. Surface grinding of the 
plates after rolling and before heat treatment would probably be 
beneficial, but the results recorded in Table XIII. show that even 
this process would not enable the full resistance of the material 
to be utilised. 


The authors desire to acknowledge the advice and encourage- 
ment received from Dr. W. Rosenhain, F.B.S., Chairman, and 
from the members of Panel No. 1 of the Springs. Research 
Committee; they are also indebted to Professor D. Hanson, 


D.Sc., for assistance during the earlier stages of the investi- 
gation. 
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DISCUSSION. 


Dr. T. SwinpeEn (Sheffield) emphasised the value of the authors’ 
work to those engaged in the production of springs. It was very 
striking that the net result of the work on endurance fatigue limits 
could be reduced to such a simple formula as one-tenth of the Brinell 
hardness number. One sentence on p. 241—namely, that “ spring 
failures in practice are often due to stress concentrations at the bottom 
of small cracks or other surface discontinuities ’—did not, however, 
quite coincide with his own experience. That was a fairly common 
experience in the case of coil springs, but so far as he knew it was not 
so common in the case of laminated springs. Most of the latter failures 
took place through pure fatigue cracks, or were due to shock. The 
question of determining the type of steel which would be most satis- 
factory and economical in use in a certain type of spring must be 
decided by considering whether a high fatigue limit or a high resistance 
to shock were the more important factor. The concluding portion of 
the paper on “ Surface Condition” was very striking and somewhat 
disturbing. It was in line with other work which had been published 
on the same subject, but it appeared to indicate that to get the best 
results it was necessary to polish the surface of the spring after treat- 
ment, and that seemed to be a commercial impossibility ; in many 
cases it was simply impossible to get at the spring to polish it after 
treatment. One must be content at least to sacrifice the reduction 
due to heat treatment, and the best that could be done would be to 
polish the material before heat treatment. Even with the best 
treatment the surface would not remain polished, and, as noted by 
the authors on p. 244, even that process would not enable the full 
resistance of the material to be utilised. 


Dr. W. Rosenuatrn, F.R.S. (National Physical Laboratory), said 
he had been connected intimately with the work described in the paper 
in two ways, both as Chairman of the Panel of the Springs Research 
Committee for which the work was originally carried out, and also at 
the National Physical Laboratory. He felt that it was work which 
carried implications of great importance. Dr. Swinden had called 
attention to them in his remarks, and, personally, he desired to 
emphasise them possibly a little more. To realise the immense effect 
of the surface condition of steel on the fatigue strength was impossible 
until the figures had been repeated again and again over a wide range 
of steels. So large was the effect that, under existing conditions of 
spring manufacture—he was speaking of ordinary laminated springs 
for motor and transport vehicles of various kinds—he thought it 
was right to say that a slight difference in the character of the surface 
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was far more important than the type of steel, whether carbon or alloy, 
used for making the spring. It completely swamped the difference 
between a high-class alloy steel and the most ordinary steel that could 
be used for the purpose, and had a very striking and serious effect. 
The question was: What exactly did it mean? ‘The attempted 
explanation given in the paper was necessarily a tentative one, because 
the investigation of the subject was one of very great difficulty. The 
view to which the authors appeared to lean—a view with which one 
could not quarrel at the time—was that it was mainly a question of 
surface decarburisation, rather than of cracking-or defects produced 
on the surface as the result of heat treatment. He was not yet at 
liberty to refer to work which had been done since, both at the National 
Physical Laboratory and elsewhere, but it certainly had tended to 
shake his own conviction in regard to the supposed effect of the 
decarburised layer. Dr. Swinden had suggested that the polishing 
of the spring after it had been heat-treated was a commercial impossi- 
bility. It might be as regards cost, but it was not a physical impossi- 
bility in a laminated spring. One motor manufacturer producing a 
car which could certainly hardly be described as a commercial article 
had for a good many years been in the habit of doing it. He did not 
suggest such a thing could be done with a £100 car, but when it came 
to securing the full value of a material it might still be worth while. 
He had not by any means given up the hope that when at last the real 
reason and mechanism of surface defects had been discovered, if they 
were ever fortunate enough to do so, it would not be beyond the power 
of steelmakers and spring-makers so to handle the material as to 
minimise greatly those surface defects. As a matter of fact, something 
in that direction had already been attempted for a special purpose in 
connection with the production of wire for coil springs, and although 
complete success had not been obtained, very considerable advances 
had been shown to be feasible by methods which were not so heroic 
as grinding the surface after the spring was finished. The whole thing 
was a most important discovery in regard to the behaviour of materials 
when subjected to fatigue in the rough condition in which they were 
produced by rolling and heat treatment, without machining and polish- 
ing. It was a lesson which would have to be applied to many other 
things besides springs, although it made itself felt mainly under definite 
fatigue stresses. It had showna state of affairs which was not suspected 
by the steelmakers, the spring-makers, and the users until that research 
was carried out. It afforded a useful example of the way in which a 
systematic investigation, begun solely for the purpose of determining 
which in a series of steels gave the best results, might lead, if properly 
eae far-reaching discoveries, which at the time were not looked 
or at all. 


Mr. §. A. Main (Sheffield) said that Dr. Rosenhain had pointed 
out one very clear feature of the results of the paper—namely, that, 
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generally speaking, there was not much choice between the various 
alloy steels. He thought that conclusion probably arose from the 
fact that the fatigue tests in the research had been of a rather limited 
character; that was, they had been made only with a zero mean 
stress. In a motor-car the springs started with a certain static load 
due to the dead weight, and the fluctuations which constituted the 
fatigue stresses were superimposed upon that static load. He ventured 
to think that if the steels were put through similar sets of tests in which 
there was a definite mean stress, by making the stress fluctuate between 
zero and a maximum, it was quite possible that there might then be 
a considerable differentiation between the properties of some of the 
alloy steels. Another point, also, was that, even if it were the case 
that the different steels were of an equal value in their resistance to 
fatigue, practical people must consider which steels were best from 
the manufacturing point of view—that was, which allowed a greater 
margin of freedom in heat treatment. His experience was that silico- 
manganese steel was a better steel, both in the rolling and in the heat 
treatment, than, say, chromium steel. That gave another point of 
choice between the steels. With regard to the toughness of the steel 
and the Izod value, it was mentioned on p. 241 that the significance of 
the Izod value of the steel was not quite known in connection with 
spring steel. He thought, however, that the characteristic which 
made for a high Izod figure might very well give an improved fatigue 
value when the stresses were applied, say, between zero and a maximum 
instead of with a zero mean stress. In the former case the stress 
tended to encroach into the plastic range. In connection with the 
authors’ preliminary work on the difference between the fatigue value 
found in an actual spring and the ideal value as ascertained in the 
paper, it was, perhaps, not quite fair to go deeply into that subject, 
because the authors said they were only at the beginning of it, but 
there appeared to be an implication on p. 218 to which he wished to take 
exception, as he would not like to see it perpetuated. The statement 
was made there that ** The immediate value of the work lies in showing 
that nearly all the steels investigated can be so heat-treated that they 
give a high resistance to bending fatigue, whereas the actual resistance 
of commercial heat-treated spring plates is low.” He thought any 
reader might be excused for taking that to mean that there was some- 
thing not quite right in the commercial heat treatment of spring steels. 
The heat treatment was very well carried out by reputable spring 
makers, both in regard to the selection of the temperature and quench- 
ing medium and the control of the operation. The treatment was 
carried out under pyrometric control within very close limits. On 
p. 242 the authors pointed out that there was something more than 
heat treatment in the question ; for instance, the surface of the plate 
was not plain, but usually contained small irregularities of shape. He 
thought, therefore, the authors’ introduction was not in accordance 
with their fuller views on the question so far as they had been formed. 
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He was quite in agreement with Dr. Rosenhain that, so far as matters 
had gone at present, the lower fatigue value of a spring leaf in service 
was not solely, nor probably mostly, due to decarburisation. A spring 
leaf as it came from the rolls and after heat treatment was not by any 
means a plain surface, and he thought it was rather those irregularities 
in the surface which affected the fatigue value of the spring than any 
question of a decarburised layer. 


The AurHors replied that they were glad their work was accepted 
by members of the Institute who were in a position to speak with 
authority on spring steels. The systematic investigation of the general 
mechanical properties of the steels had been somewhat lengthy and 
laborious, but it had led, they thought, to results which were of im- 
portance, and they had little to add to the remarks which had been 
made by Dr. Swinden and Dr. Rosenhain. In reply to Mr. Main, the 
authors agreed that the statement referred to on p. 218 might be open to 
misinterpretation, and they hastened to say that it was not intended 
that any reflection should be cast on commercial methods of heat 
treatment. From their experiments, they were of the opinion that the 
fatigue resistance of any of the usual spring steels which had been 
quenched and tempered under normal conditions would be much 
lower when the surface had not been touched after heat treatment, 
than when the materials were in the polished condition. That appeared 
to be true irrespective of whether the heat treatment had been carried 
out on small pieces in the laboratory, or under commercial conditions 
in the works. Mr. Main had also referred to what were usually known 
as repeated bending fatigue stresses—that is, stresses which fluctuated 
between zero and a maximum. Until recently, bending fatigue tests 
of that type had received little attention from investigators, and no 
results were available at present from which any connection between 
the endurance fatigue limits of steels under repeated bending stresses 
and the Izod values could be deduced. In the opinion of the authors, 
however, Mr. Main’s suggestion that ‘“ the characteristic which made for 
a high Izod figure might very well give an improved fatigue value when 


the stresses were applied between zero and a maximum” was not 
unreasonable. 


This paper was also discussed at the Additional Meeting held at 
Sheffield on May 15, 1929. 


Mr. G. Stanrrexp (Sheffield) said that the authors’ work, reported 
in the present and in a previous paper,! represented a very useful 
survey of the mechanical properties of all the usual types of spring 
steel after various heat treatments. There were two important aspects 


1G. A. Hankins, D. Hanson, and G. W. Ford, J l 
Institute, 1926, No. II. p. 265. ty ks acl aoe ae 
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of the work: one, which the authors had mainly endeavoured to in- 
vestigate, was the determination of the intrinsic properties of the 
materials correctly heat-treated ; the other aspect, which he thought, 
for Sheffield at any rate, was the more important one, was the con- 
sideration of what could be done to improve the performance of the 
finished articles—the final springs. 

As the authors had said, the results tended to show that of all the 
spring steels available there was not really any one that specially stood 
out above the others on account of the superiority of the mechanical 
properties which could be obtained. The actual details of heat treat- 
ment, of course, varied with the particular composition selected, but 
with any composition there was a choice of conditions which could 
be obtained—either high tensile condition with very little ductility, or 
a lower tensile condition with quite a moderate degree of ductility— 
and that choice between the two extremes was available in any of the 
qualities with which the authors had experimented. It was, of course, 
for the spring manufacturers to decide, as they had in the main already 
decided, what condition was best to put into the actual springs. 

There were several factors in the practical production of springs 
which did help to decide the relative merits of the steels ; those factors 
related actually to the various manipulation troubles experienced in 
the production of springs. For instance, there was the warping effect 
on quenching; spring plates were usually quenched edge-on in the 
quenching medium, and very frequently the edge which went into the 
liquid first became convex to the rest of the plate. Cracking was also 
a very serious trouble. The skill of the spring hardener had to be 
brought to bear to guard against those troubles, and the choice of 
material for spring plates came back very largely to deciding which 
class of steel would not only give satisfactory mechanical properties, 
but would give them without interference from those various causes 
of such an order as to make the job an uneconomical one. From that 
point of view, the usual 0-5 to 0:7 per cent. carbon steel was a very 
satisfactory steel to deal with, except perhaps in the actual hardening. 
In the actual hardening, an oil-hardening steel did give less trouble, 
and that accounted, he believed, for the automobile spring makers’ 
great preference for the silicon-manganese and chrome-vanadium 
steels. 

The authors had rightly drawn attention to the importance of the 
surface. From the point of view of spring production, surface troubles 
were going to be a serious problem if that apparent inefficiency of the 
finished spring plate, to which there did not appear to be at present 


_a satisfactory solution, were to be completely avoided. But, serious 


as that aspect of the matter was, he did think it was possible to 
exaggerate its importance. It was suggested that spring plates were 
being made with something less than 50 per cent. of the possible fatigue 
resistance. Now, fatigue resistance was not all that was wanted in 
a spring plate. In service, a spring had to withstand a considerable 
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number of serious deflections which imposed very high stresses; it 
also had to withstand a far greater number of very small deflections, 
and the spring maker had to cater for the small deflections and for the 
steady stress which was always on a spring plate due to the applied 
load, as well as for those stresses due to the occasional excessive 
deflections. He mentioned that because he thought it had been found 
that the effect of surface condition was a little less serious with a softer 
type of plate than with a hard type; he thought, however, that it 
would be dangerous to deduce from that fact that it would be wise 
to employ softer plates. The softer plates would not stand up to con- 
tinuous stressing; the necessity for carrying a dead load without 
permanent set imposed quite severe constant stresses, and that must 
be kept in view all the time. The temptation to go in for a softer plate 
must, he thought, be resisted, at any rate for the time being. 

Finally, he desired to ask the authors up to what limit would they 
be prepared to employ the ratio between fatigue limit and Brinell 
number which they had given. 


Dr. W. H. Hatrretp (Member of Council) wished to emphasise 
the points that Mr. Stanfield had made. It should be noticed that 
when he spoke of the inefficiency of the finished spring he spoke of the 
apparent inefficiency. He (Dr. Hatfield) thought that in the present 
stage of knowledge it had better be left at that. If the suggested low 
value in the final spring were simply due to surface defects one would 
expect that efficiency to vary from 50 to 100 per cent., but it did not. 
If extraneous causes of disability, which they wrote down as surface 
defects, were introduced into the spring plates it was a fair deduction 
that they would introduce those influences to a different and vary- 
ing degree. The authors themselves gave a percentage ratio of 
the efficiency of the material with the skin on in the final spring to 
its fatigue value in the polished specimen, of 50 per cent. He 
(Dr. Hatfield) would have placed it at about 60 per cent., which was 
practically the same figure for all practical purposes. The curious 
thing was that all who were doing similar work placed it at 50 to 60 per 
cent., and never so low as 5 or even 25 per cent. The point he wanted 
to make was that whilst that disability was of such a high order it 
was sought to put the whole disparity down to defects. They were 
always led to believe, as metallurgists, that the stress aspect was 
adequately cared for by the spring designer, who determined the 
stresses in the spring without referring back to the possibilities of the 
material. It was his conviction at the moment that there was some- 
thing they did not understand, and he was sure they were not right 
in saying that because manufacturers of spring plates must necessarily, 
from the economic point of view, put that spring plate material into 
the surface, the disparity was in the main due to defects. As to the 
efficiency of the springs, there were many works in Sheffield with 
considerable experience of the response of springs under service con- 
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ditions, and it must be conceded that the efficiency of the springs 
produced was extremely high; in fact, the percentage of failures 
would be, he ventured to say, of such a low order as to exceed even 
the extraordinarily high efficiency which was normal with special 
technology. That in itself was another argument in support of his 
contention that the suggested inherent disability required further 
looking into. 

The authors explained that the Brinell and tensile tests gave a fair 
indication of fatigue; they added that composition was secondary, 
always provided that the Brinell and tensile requirements were achieved. 
He (Dr. Hatfield) agreed, but he would point out to the authors that 
the necessary Brinell and tensile values for giving a required fatigue 
value were much more easily obtained when special elements were 
present. It was owing to that effect of the special elements, amongst 
which were manganese and silicon, in rendering the work easy and 
overcoming minor defects of manufacture, that the alloy steels were 
absolutely essential for highly stressed springs. 


Professor C. H. Descu, F.R.S. (Chairman), desired to ask the 
authors about what seemed to be an inconsistency in the latter part 
of the paper. It was stated that steel possessing the highest Izod 
value appeared to be the best to select for springs. It had been shown 
that the fatigue range was proportional to the tensile strength and the 
Brinell number—the better the fatigue range, the lower their value. 
One would suppose that the fatigue value was of much more im- 
portance than the Izod number, so that that inconsistency did not 
seem very easy to explain. He would suggest that a little too much 
stress had been placed on the Izod value. With reference to the 
surface, he thought he was right in saying that the effect of the outer 
skin on the fatigue limit in spring steel was first pointed out by Professor 
Lea in one of his earlier reports to the Springs Committee. How far 
that surface defect was due purely to decarburisation and how much 
to surface cracks had not yet been fully determined. It seemed to 
him that the surface cracks were of much more importance than the 
decarburised layer. In regard to the nature of that surface it would 
seem that some light might be thrown on it by heat-treatment experi- 
ments under quite different conditions, some in the ordinary furnaces 
such as were used for that work and some with special precautions to 
exclude decarburisation or chemical change. It would be interesting 
to determine whether those surface defects were due to chemical 
changes or were produced in the hardening. He knew that recently 
some curious inconsistencies had made their appearance in regard to 
that layer. Dr. Hatfield had remarked that springs on the whole were 
very satisfactory, but they could take it that if that surface defect 
could in any way be overcome they could get a considerable increase 
in the efficiency of the spring, and that would presumably mean a 
reduction in the amount of metal required for a given purpose. 


DO) DISCUSSION ON HANKINS AND FORD’S PAPER. 


Dr. Hankins, in reply, thanked the various speakers for their 
remarks, and hoped that the general investigation of the mechanical 
properties on polished specimens could be regarded as a standard 
work on spring steels. In reply to Mr. Stanfield, and in view of the 
trouble which he (Dr. Hankins) and Miss Ford had experienced with 
hardening cracks in their 0-6 per cent. carbon steel, it was some con- 
solation to know that even in Sheffield difficulty was experienced in 
avoiding those cracks in some spring steels when quenched in water. 
As Mr. Stanfield had remarked, the skill of the worker was of consider- 
able importance in guarding against that trouble. He agreed that the 
surface condition was not so important in a relatively soft spring steel 
as in a hard spring steel. The softer spring gave undue “ settling 
down ”’ in use, which was objectionable, whilst the harder spring was 
more liable to be influenced by surface conditions lowering the fatigue 
resistance. He thought, however, that in some cases, perhaps, a 
satisfactory mean had not yet been obtained in that matter, and that 
some springs were so hard that the advantage of a high elastic range 
was more than outweighed by the extra liability to fatigue failure due 
to surface defects. The approximate ratio of the rotating cantilever 
endurance fatigue limit to the tensile strength or Brinell number 
appeared to hold up to 500 Brinell number, but it should be understood 
that it was not a simple matter to obtain satisfactory determinations 
of fatigue limits on such hard steels. Great care was necessary in the 
preparation of the test specimens and in the practical details of the 
tests, and failures due to extraneous causes, such as lack of uniformity 
in the material or vibrations in the testing machine, always tended to 
give values of the fatigue limit which were lower than the correct 
value. 

He could hardly agree with Dr. Hatfield that 50 per cent. was usually 
given as the percentage ratio of the efficiency of an unpolished spring to 
the polished material. Thus, results were given in the paper (pp. 243 
and 244) of tests on 0-6 per cent. carbon steel springs and on the actual 
material. The complete springs gave an endurance limit of 0 to 20 
tons per sq. in., whereas the value for the material was -- 38, or a 
range of 76 per tons per sq. in. It was hardly necessary to enter into 
a discussion of the relation between repeated stresses and reversed 
stresses, but in this case it seemed quite clear that the efficiency of the 
complete spring was much less than 50 per cent. The main surface 
conditions which affected the fatigue resistance appeared to be de- 
carburisation, stress concentration due to irregularities, internal stresses 
set up by quenching, and surface cracks, possibly of a sub-microscopic 
nature, but other unknown factors might also be present. 


Dr. Harrietp interposed that he wanted to emphasise that the 
fatigue test was carried out on the machine-ground test-piece in 
a fatigue testing machine, and that value was compared with that 
obtained on the finished spring. Accordingly, there arose the question 
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of calculating the stresses, and the question whether the stress in the 
spring which was established were the correct one. 


Dr. Hankins (continuing) said he was satisfied that the figure of 
0 to 20 tons per sq. in. which he had quoted was correct, but he would 
also refer Dr. Hatfield to Table XIII.; those tests were carried out 
under identical conditions in the two cases, and there was no doubt 
in his mind that the lower values on the unpolished specimens were 
due to surface conditions brought about by the heat treatments. 


The CHatrman (Professor C. H. Desch, F.R.S.), interposing, 
remarked that in the work which Professor Lea was doing on coil 
springs the two sets of springs were tested in the same way; one had 
the surface removed from the wire, and the other hadnot. He believed 
that the results had been sent to the Springs Committee, but he had 
not got the figures. 


Dr. HanxIns (continuing) stated that his experience supported 
Dr. Hatfield’s contention that alloy steels should be used for highly 
stressed springs. He had already remarked that considerable care in 
preparation and heat treatment was necessary in order to obtain the 
high values of the fatigue limits recorded in the paper, but the care 
required was not nearly so great with alloy steels as with carbon steels. 

With reference to the point raised by Professor Desch in regard to 
Izod values, he (Dr. Hankins) suggested that if it were possible to use 
a perfectly polished steel spring under ideal conditions, then the Izod 
value of the material would be unimportant, and the safe stresses on 
the spring would depend on its intrinsic fatigue limit alone. When 
manufacturing imperfections in the form of unpolished surfaces were 
present, however, the suggestion was made that some importance 
might be attached to the Izod figure of a spring steel. He was pleased 
to have Professor Desch’s opinion that experiments in which special 
precautions were taken to exclude decarburisation or chemical change 
might be of value, and he was glad to say that work on those lines had 
already been initiated. 
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A NEW METHOD FOR THE PRODUCTION 
OF SOUND STEEL. 


By Tue Hon. Sir CHARLES PARSONS, O.M., K.C.B., F.RB.S., 
AND 
H. M. DUNCAN, B.Sc. (NEWcastTLu-UPoN-TYNE). 


INTRODUCTION. 


In 1924 a Committee of the Iron and Steel Institute was formed 
for the purpose of studying the problems of inclusions in steel and 
of the heterogeneity of steel ingots. They have published two 
Reports on the heterogeneity of steel ingots. The first, published 
in 1926,? dealt with steel ingots of the “ killed’ variety produced 
under good conditions; the second, published in 1928, dealt 
with steel other than killed, and also with certain alloy steels. 

A large number of ingots, ranging from 15 ewt. to 172 tons 
in weight, were examined by analysing, sulphur-printing, and 
macro-etching longitudinal sections taken along the axis. These 
Reports contain the most complete information published of the 
heterogeneity present in steel ingots, and the Committee are 
to be congratulated on the frank way in which they presented 
this information. In the present paper the authors will not deal 
with the results disclosed, except to express the opinion that the 
pronounced segregation and axial weakness found in every ingot 
examined was not generally known to engineers. 

In the First Report * the Committee stated in their reply 
to the discussion : “They would point out . . . that the Report 
was not put forward as propaganda for inducing engineers to 
modify their apparently unreasonable requirements. ‘The Report 
is simply a record of an investigation undertaken to determine 
the nature and extent of heterogeneity which is prevalent in steel 
ingots produced under good conditions. ‘The facts disclosed are 
worthy of very serious consideration by the engineering world, 

1 Received March 22, 1929. 


2 Journal of the Iron and Steel Institute, 1926, No. I. pp. 39-151. 
3 [bid., 1928, No. I. pp. 401-547, * Loc, cit., p. 174, 
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and the Committee feel that engineers will be wise to bear them 
in mind.” This statement, coming from such an authoritative 
source, must be seriously considered by all engineers. 


Tue New Mernop or CAstING. 


The authors’ method of overcoming segregation and axial 
unsoundness is based on the principle that the freezing of the 
ingot should proceed from the bottom upwards, the isothermals 
being substantially parallel to the bottom of the ingot. 

A patent, No. 278082, was granted to the authors for a process 
of casting steel ingots comprising the pouring of the molten metal 
into a mould having its longitudinal dimensions greater than its 
vertical, thick refractory materials covering the sides of the mould 
and a bottom chill of large dimensions, preferably of metal, pre- 
heating the mould to a high temperature of the order of molten 
steel before pouring the metal therein, and continuously supplying 
heat to the upper surface of the molten metal after casting, so 
that the upper layer is the last to solidify. 

Fig. 1 represents a section of an ingot and mould. The mould 
consists of a strong sheet steel casing (a), slightly conical in form 
as shown and reinforced by heavy angles (b) at the top and bottom. 
The casing is lined with shaped firebrick quorls (d) closely fitted 
together and to the outer casing, and is preferably provided with 
lifting eyes (c) riveted to the sides. 

The cover (e) is likewise made of suitably shaped firebrick 
quorls fitted together and into a massive steel angle ring (f), 
which retains them. The cover (e) may be lifted by the eyes (q) 
riveted to the ring (f). 

In the cover one or more suitable holes (h) are provided for 
the insertion of gas or oil burners (7), and also one or more suitable 
vent-holes (k) to allow the hot gases to escape. These burners are 
used for applying heat to the surface of the metal after pouring, 
in order to keep the top layer molten until the last, while the mould 
is preheated by placing it, with its cover in place, on the top of 
an adjoining firebrick table containing suitable gas or oil burners 
delivering flame upwards. If desired, the burners (7) may be 
used for preheating the mould. ‘The cover is also provided with 
a hole (/) for use when pouring. 
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The chill block (m) may be of cast iron or steel formed of one 
or more pieces fitted together ; it is preferably protected on its 
upper surface against the wash of the molten steel by a thin 
steel plate (m), which is easily renewable. 

A circular ingot, height 45 in., diam. 70 in., and weight 204 tons, 
was cast by the new method. Fig. 5 (Plate XXVI.) is a sulphur 


Fia. 1.—Section of an Ingot and Mould. 


print of a longitudinal section of the ingot at its central axis ; the 
white bands are areas of lower carbon and phosphorus content. 
Fig. 6 (Plate XX VII.) shows the macrostructure ; it will be noted 
that there is no trace of V-segregate or axial weakness, and the main 
segregate is only noticeable at the top, which would be discarded. 
Fig. 2 gives the chemical composition, and attention is drawn 
to the uniformity and to the absence of serious segregation. 

The mechanical properties of the ingot are shown in Table I. 
and in Fig. 8; the positions from which the test-pieces were taken 
are indicated in Fig. 7 (Plate XXVIII.). Further results are 
shown in Fig. 9 (Plate XXIX.), to which Fig. 9a (p. 265) is a key. 

1929—1. s 
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A more detailed examination was made of two sections cut 
from the positions shown in Fig. 4. The centre section was 


CENTRE LINE | OF INGOT 


3 Sec rere 7] 


jQQNVess: a 


RIPPING TOOL 


LINE OF INGOT 


w) CENTRE 


SCALE OF FEET. 


Fic. 4—=A. Section of the 20-ton Ingot, showing the position of the central sec- 
tion (Figs. 7 and 8, Plate XXVIII.), and the adjoining section (Fig. 9, 
Plate X XIX.). 


etched, first with 5 per cent. alcoholic nitric acid, and then Heyn’s 
reagent. ‘The etching picture showed long narrow grains, stream- 


Re 
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ing with slight inward curvature to a horizontal line just below 
the tails of the top segregate. 

The surface was next etched with Humfrey’s reagent, the 
acidity being increased from 0 to 4 per cent. until the etch was 
deep enough for contact printing. Fig. 8 (Plate SOGV ILLES) ashe 
reproduction from one of them to a scale of about one-seventh. 

Some features of the structure, from the bottom up, are: 


(a) A fine equiaxed layer, about 1 in. thick. 

(6) A columnar layer, 5 in. deep, crossed by several very 
narrow transverse markings. ‘hese markings were 
surrounded by shorter grains, which appeared darker 
in the print. 

(c) General equiaxed graining from the columnar zone upwards, 
except for one white band of long and almost vertical 
dendrites. 

(d) Bands of longish dendrites of no special orientation 
occurring within the equiaxed zone up to the top quarter. 

(e) Fine and uniform graining of the top quarter, with the 
exception of the top segregated zone, which is dendritic. 


The transverse markings appear roughly to follow the iso- 
thermals. The tensile test, No. 9, Table I., taken across one of 
these markings, revealed a definite flaw and reduction in strength. 
Micro-examination of section F’, Fig. 7, containing the plainest 
of these markings, showed an almost continuous line of inclusions 
ina ferrite band. ‘This is also illustrated in Fig. 16 (Plate XX XI.), 
and at Y and Zin Fig. 18 (Plate XXXII). 

As all steel makers and steel users know, non-metallic inclusions 
are among the most harmful defects which occur in steel, and 
particularly if they occur in definite bands, as they have done in 
this case. All steel makers know that when a stream of liquid 
steel strikes the cold bottom of a mould and spreads over its 
surface, the fluid metal is considerably cooled, and may even 
become solid. As the mould at this stage is full of air, oxidation 
takes place ; the oxide is liquefied by further additions of fluid 
metal, and, according to generally accepted ideas, it should float 
to the surface, but, unfortunately, owing to the downward pressure 
of the stream of metal, much of this scum is retained in the bottom 
portion of the ingot. It is generally found in practice that as the 
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area of the ingot is increased, the amount of non-metallic inclusions 
in the product is usually greater. In order to minimise this defect, 
it is necessary to flood the mould bottom as quickly as possible. 

In the case of the authors’ ingot, it should be borne in mind 
that the area is very great—6 ft. in diam.—and, further, the 
bottom is composed of plates 6 ft. deep, in order to induce very 
rapid cooling. As the nozzle was only 14 in. in diam., the flooding 
of the bottom was slow, and consequently oxidation would occur, 
with the formation of scum. 

In the authors’ opinion these transverse defects can be entirely 
prevented by a proper teeming speed, using more or larger 
nozzles, and in confirmation of this a 3-ton ingot, 3 ft. in diam., 
cast with a nozzle 14 in. in diam., was found to be entirely free 
from these defects. 


MiIcROSsTRUCTURE. 


Microsections were taken from the positions A, B, C, D, EH, 
and /’, in Fig. 7. Inclusions of various types were visible in the 
unetched specimens. The more numerous were very small, and 
occurred mostly in lines. There were, however, a few large 
isolated inclusions showing a duplex structure. 

Micrographs of representative fields are given in Figs. 10 to 
15 (Plates XXX. and XXXI.); Figs. 16 and 17 are taken from 
specimen fF’, All specimens were etched with nitric acid. Figs. 10, 
11, and 12, from the segregated zone, show, respectively, inclusions 
in the ferrite, rather high carbon, and a phosphorus-rich area with 
many inclusions. Tig. 18 shows a coarser structure with more 
ferrite than Fig. 11. Fig. 141s similar to Fig. 18. Fig. 15, from the 
chilled zone, shows more ferrite with less marked patterning, and 
definitely selective etching of the ferrite grains. 

Figs. 16 and 17, from specimen F’, show numerous small and 
a few large isolated inclusions in a ferrite band. 

Examination of Section adjoining Central Section.—This section 
was sulphur printed, as shown in Fig. 9 (Plate XXIX.). Fig. 18 
(Plate XXXII.) shows the structure revealed by ammonium 
copper chloride solution, etched first by a 12 per cent. neutral 
solution, then with acid added up to 5 per cent. 

Fig. 19 (Plate XX XIII.) shows the result of etching with 5 per 
cent. nitric acid solution. This method of etching is more drastic 
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than the copper ammonium chloride, and consequently destroys 
the outline of the primary crystallisation. This only shows the 
secondary crystallisation—that is, the structure which ig formed 
within the primary network. There is a line of fine crystals at 
the extreme bottom end of the ingot, from which grow columnar 
crystals for a distance of about 6 in.; above this is an area of 
indeterminate structure, then an outline of crystals, and towards 
the outside a very marked crystalline structure. 

Figs. 20 to 25 (Plate XX XIV.) are micrographs taken approxi- 
mately half-way between the centre and outside of the ingot, as 
shown in Fig. 9 (Plate XXIX.). The numbers indicate the 
approximate distance of the specimens from the bottom end of 
the ingot. Figs. 26 to 30 (Plate XX XY.) are micrographs of the 
same areas as are shown in Figs. 20 to 25, after annealing in 
blocks at 980° C. 


MeEcHaAniIcaL TEsts. 


Mechanical tests were also taken from this section, and, in 
order to show their position in relation to the segregates, the 
results are marked on the sulphur print, Fig. 9 (Plate X XIX.) 
(see key diagram, Fig. 9a). In addition, the position of the 
microsections Nos. 2, 15, 17, 80, 40, and 45 (Figs. 20 to 30, 
Plates XXXIV. and XXXYV.), are also entered on the sulphur 
print, Fig. 9. 

The mechanical tests were taken (1) as cast, and (2) as cast, 
then heated to 980° C. and cooled in the furnace. The latter 
series have the letter A affixed to each test result. 

The ingot can be forged in the ordinary way under a vertical 
press by casting a head or stalk on the top of the ingot after it 
has just set, thus enabling a porter bar to be used. This has 
been done with an ingot weighing 20 tons, and the ingot, 72 in. 
in diam., forged to a bloom 40 in. in diam. in one heat. 


SEGREGATION. 


In considering the heterogeneity of a steel ingot as disclosed 
by analysis, it must be remembered that such analyses only give 
the average composition of the material drilled from a 3-in. or 
1-in. hole, and are not a satisfactory guide to the intensity of the 
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segregation and its evil effect, as the drillings always contain 
purer metal which dilutes the samples. : 

Judged by the results obtained by analysis alone, there would 
not appear to be much difference between the amount of segrega- 


Mechanical Tests on Pieces taken from the Positions shown an 
Figs. 9 and 9a. 


| Uilounats Hlongation | Contraction Approx, | Izod Value. 
Piece Sere | on 2 in. of aa ae ers 
| sq. in. 70 | © sq. in. came 
TL 32-6 13-0 21-6 eee 6 
TLA 33-0 12-0 15:2 18 | 4 
TX 30-5 12-0 18-4 Bee 5 
TXA 32°2 22-5 36-4 16 fl 
CL 29-0 18-0 23-2 one 6 
CLA 30°3 27-0 50-0 15 8 
CXSA 27-6 10-0 4 15-2 15 | nso 
CX 28-3 21-0 27-6 ates 6 
CXA 30 +2 21-0 44-8 13 8 
BL 28-5 26-5 47-2 Sie 8 
BLA 30-4 26-5 47-2 14 9 
BX 28-8 22-0 47-2 aha 6 
BXA 31-4 26-5 46-0 15 8 


tion in the authors’ ingot and that in an ingot cast by the best 
ordinary method, but if the sulphur prints and macrographs from 
these ingots are examined, the difference is seen to be very marked 
in favour of the new method. Iurther, when the great loss of 
ductility across the segregated areas in the ordinary ingot, as 
shown in Table II., is borne in mind, it is felt that sulphur printing 
gives a truer indication of the harmful segregates than analysis. 

The left half of Table II. gives the results of mechanical tests 
taken radially across a segregated zone from a forging 57 in. in 
diam. cast in the ordinary way; the right half of Table II. gives 
the mechanical tests of the material nearer the outside of the 
same forging. 

Attention is directed to the very serious loss in ductility met 
with in the segregated zone ; as these zones run in a longitudinal 
direction, forgings and guns exposed to centrifugal or bursting 
stresses are considerably handicapped. 


PLATE XXVI. 


Fic. 5.—Sulphur print of a longitudinal section of the 20-ton ingot at its central axis. 


[To face p. 264. 
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PLATE XXIX% 
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Fic. 9.—Sulphur print of a section of the 20-ton ingot adjoining the 
central section. (See key diagram Fig 94 in the text.) 


PLATE XOOG 


Fic. 10.—The segregated zone, posi- Fic. 11.—The segregated zone, posi- 


tion A in Fig. 7 (Plate XXVIII.), tion A in Fig. 7 (Plate XXVIII1.), 
showing inclusions in the ferrite. showing rather high carbon. x 50. 
x 5,0). 


Fic. 12.—The segregated zone, posi- Fic. 13.—Position C in Fig. 7 (Plate 


tion A in Fig. 7 (Plate XXVIII.), XXVIII.), showing a coarser 
showing a phosphorus-rich area with structure with more ferrite than 
many inclusions. X50. hig Tis x50: 


(The above micrographs were reduced in reproduction to two-thirds.) 


PLATE XXXII. 


Fic. 14.—Position D in Fig. 7 (Plate Fic. 15.—Position E in Fig. 7 (Plate 
SOQVINUL) § siunilaweiwo Ime, Ws 3 SO), SOC VAs theichilled zones, < 50: 


Figs. 16 and 17.—Position F in Fig. 7 (Plate XX VII1.), showing numerous 
small and a few large inclusions in a ferrite band. 


(The above micrographs were reduced in reproduction to two-thirds.) 
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Fic. 18.—Macrostructure of a section adjoining a central slice from the 20-ton ingot, showin 
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PLATE XXXIV. 


picric acid. X60. S< OO), 


Fic. 22.—Specimen No. 17. Etched with Fic. 23.—Specimen No. 30. Etched 
picric acid. 60. with nitric acid. x 60. 


Fic. 24.-Specimen No. 40. Etched with Fc. 25.—Specimen No. 45. Etched 
picric acid. X60. with picric acid. Xx 60. 


‘Gs. 20 to 25._—Micrographs taken approximately half-way between the centre and 
* outside of the ingot as shown in Fig. 9 (Plate XXIX.). The numbers indicate approxi- 
mately the distance in inches of the specimen from the bottom end of the ingot. 
(The above micrographs were reduced in reproduction to two-thirds.) 


| 
PLATE XXKX% 


Fic. 26.—Specimen No. 2a. Etched Tic. 27.—Specimen No. 17a. Etched 
with picric acid. X60. with picric acid. x 60. 


ria? Rare 


Fic. 28.—Specimen No. 30a. Etched Fic. 29.—Specimen No. 40a. Etched 
with picric acid. 60. with picric acid. X60. 


Fic. 30.—Specimen No. 45a. Etched 
with picric acid. 60. 
Fics. 26 to 30.—Micrographs of the areas shown in Figs. 20 to 25 (Plate XXXIV.), 
after annealing in blocks at 980° C. 
(The above micrographs were reduced in reproduction to two-thirds.) 
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Fig. 94.—Key to Fig. 9 (Plate XXIX.). 
[The mechanical tests are recorded in the table on p. 264.] 
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Woodvine and Roberts, in a paper on “The Influence of 
Segregation on the Corrosion of Boiler Tubes and Superheaters,” 
stated (loc. cit., p. 221): ““ Where it has been possible to get 
positive evidence from service failures the trouble could usually 
be traced to segregated steel.” 

The Heterogeneity Committee have pointed out that segrega- 
tion increases with the size of the ingot, and as the stresses due 


Taste Il.—Radial Test-Pieces Cut from a Transverse Section of a 
Large Forging, 57 in. in diameter, made in the Ordinary Way. 


Across the Segregate. Near the Outside. 
| 
Pomt. | Strengin,| Elongation /‘ion'oi| Point. | Strength. | Elongation | 00°05 
Tons per | Tons per Pho: a Area. | Tons per | Tons per rae ae | Area. 
sq. in. sq. in. O: % sq. in. sq. in. o % 
18-0 21-92 | 2-0 4-9 17-8 34-0 24-0 33-5 
18-6 23:24 | 3:-50.M.H.| 4-9 18-8 34-68 } 23-0 24-5 
18-8 X B66 3:0 0.G.L. nice 18-6 35-6 20-0 24-5 
18-2 31-8 7:0 eT 18-0 35°52 | 21:5 | 33°5 
18-8 31-2 6-0 O.G.L5 | 127 18-8 35-2 24-0 O.M.H.) 24-5 
18-6 31-4 8:0 O.M.H. | 11-7 17-8 34:56 | 30-5 47-2 
18-4 29-48 | 5-0 8-4 19-2 34-0 21-5 30-6 
18-8 26:28 | 4-5 8-4 17-0 33-96 | 24-0 33-5 
18-5 27-9 4-9 8-8 18-2 34-6 23-6 31-5 
O.M.H. = outside middle half. 
O.G.L. = outside gauge length. 


X = broke in radius. 


to heating or cooling also increase in proportion to the mass, the 
manufacture of large forgings free from internal fissures becomes 
increasingly difficult, and the utmost care must be exercised to 
produce a sound forging ; in designing, a large factor of safety 
must be allowed on account of the segregated areas. Since modern 
electrical rotors are becoming larger and larger, and there is no 
satisfactory alternative to a solid forging, it becomes increasingly 
important that some method should be adopted whereby segrega- 
tion and axial weakness may be diminished or avoided altogether. 

Probably everybody will agree that steel free from segrega- 
tion and axial weakness is to be preferred for every purpose, 
provided it can be obtained at a reasonable cost, and the authors 
think that this can be secured by their process. 


1 Journal of the Iron and Steel Institute, 1926, No. I. pp. 219-222. 
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DISCUSSION. 


Mr. Duncan, in introducing the paper, presented the following 
additional information: It will be noticed in Fig. 1, a diagram of the 
mould and cover used for casting the first 20-ton ingot by the new 
method, that the holes in the cover for the insertion of the oil burners 
were directed towards the centre of the mould, thereby concentrating 
the heat on the centre of the top surface of the solidifying ingot, thus 
preventing the segregates from rising to the top at the sides of the 
mould, as the sides towards the top froze before the central portion. 

This was remedied, and a second 20-ton ingot was cast in a mould 
having the burners spaced round the walls of the mould, thereby 
concentrating the heat on the periphery and letting the centre take 
care of itself. An illustration of this mould and cover is shown in 
Fig. A (p. 268). Oil burners were not used to keep the top of the second 
ingot hot after casting, this being accomplished by placing coke on 
top of the molten steel and layer of slag, and blowing a gentle stream 
of air through the openings in the sides of the mould. When the ingot 
had completely solidified, a box, 2 ft. in diam. by 3 ft. high, was placed 
on top, and filled with molten steel to enable the ingot to be manipu- 
lated in the forge by placing a porter bar over the stalk or head thus 
formed. By this means the ingot was forged into a bloom 40 in. in 
diam. in one heat. After annealing it was cut into cheeses, and sulphur 
prints, Figs. C to H (Plate XXXVa.), were taken from the face of each 
cheese. Fig. B (p. 269) is a sketch showing the ingot after blooming, 
the positions of the cheeses, and the mechanical tests obtained from 
the centres of these cheeses after they had been forged into discs of the 
dimensions shown. 

The authors wished to draw attention to the uniformity of the test 
figures and to the very excellent results which were obtained in the 
thickness or ‘‘C” direction (see Fig. B), as tests taken in this direction 
from ingots cast in the ordinary way generally show much lower 


ductility. 


Dr. W. H. Harrierp (Member of Council), speaking as Chairman 
of the Committee on the Heterogeneity of Steel Ingots, said that the 
paper had been read by the members with special interest. It had been 
gratifying to find that the publication of the researches of their Com- 
mittee had led Sir Charles Parsons and Mr. Duncan to perform such a 
bold experiment. Some time ago the Committee’s attention had been 
drawn to their work, and opportunity had been given to them to study 
the actual 20-ton ingot. Of such interest did they find the experi- 
ment, that they suggested that the Institute should invite Sir Charles 


to present this paper. 
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Some members still thought the equiaxed crystal structure to be 
the most desirable, but many of them agreed that the authors’ con- 
ception had been idealistic—that was, to obtain in practice uni-directional 
freezing from the bottom upwards, without the introduction of other 
disabilities. If that could be obtained, there was no doubt that, from 
the latter point of view, a great advance would have been achieved. 
It was therefore of interest to consider in detail the degree to which 
the authors’ process permitted the attainment of their ideals. Fig. 6 
rather indicated that that had not been fully achieved, owing to dis- 
turbances caused by freezing from the top downwards and also from 
the walls of the mould, the effect in the latter case increasing towards 
the top of the ingot. That was due to practical difficulties of tempera- 
ture regulation, and had a serious effect in leaving segregates in such 
a position as to render necessary a quite substantial discard (see Fig. 5, 
Plate XXVI.). 

Heating of the mould walls could not prevent the effect of differential 
freezing, as was shown, for example, by comparing the carbon contents 
at the positions C3, C6, and O4 (Fig. 2), which were respectively 0-29, 
0:20, and 0-17 per cent., although theoretically it might have been 
anticipated that the segregate would largely have found its position 
as a top layer of the ingot. The practical effect, also, of the hot walls 
must surely be that the consequent delaying of the freezing would 
lead to the production of a very coarse structure and increased size of 
the non-metallic inclusions. 

The Committee were desirous of more information concerning the 
light bands in Fig. 5, which occurred roughly parallel to the base. 
Had the authors any views as to the cause of those zones of apparently 
dissimilar composition? One important fact not mentioned in the 
paper was that when sectioning this ingot along the axis, a shell of 
steel of appreciable thickness split off one of the sectioned faces. 
Having in mind that the cylindrical form of ingot adopted was con- 
ducive to high internal stress, that might possibly be the explanation. 
The Committee considered that phase of the matter as meriting serious 
discussion. 

There were two further points of a practical character which might 
be mentioned. In the last paragraph of p. 261, consideration was given 
to the initial liquid steel entering the mould, but the Committee would 
remind the authors that in practice a ‘“ well” was provided at the 
bottom of big ingots to minimise the effect mentioned. The other 
point concerned the suggestion of casting a stalk on the authors’ type 
of ingot for forging purposes after the ingot had become solid. That, 
the Committee believed, would hardly serve the intended purpose, 
since it would most probably break off at the root during the forging 
process. 

Turning to more general matters, exception was taken to the shape 
of the ingot on the grounds that it did not conform with practical 
experience, which had shown that the depth in the chill should be about 


PLATE XXXVA. 


ith, 


Pic. C.—Sulphur print from face A. Fic. D.—Sulphur print from face B. 
(See Fig. B.) (See Fig. B.) 


Fic. E.—Sulphur print from face Cz Fic. F.—Sulphur print from Tagen: 
(See Fig. B.) 


(See Fig. B.) 


aS : : 


Fic. H.—Sulphur print from face F. 
(See Fig. B.) 
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Fic. G.—Sulphur print from face De 


(See Fig. B.) 
{To face p. 270. 


Fic. N. 


Magnification X 50. 
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Reduced in reproduction to five-ninths. 
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33 times the average lateral dimension ; also that by a reduction in 
section in the downward direction at a critical rate, axial weakness 
was reduced to a negligible degree, always assuming a reasonable 
feeder-head was provided and casting and other conditions were satis- 
factory. Further, with exceptions, the Committee believed that a 
cylindrical ingot of the shape indicated could not be cast under such 
conditions without developing high internal stresses. Incidentally, 
it was not a suitable shape for the production of many forgings. It 
might also be added that the method would prove costly, since it would 
appear that what was in fact a special furnace had to be prepared for 
each ingot. 

The successful casting of large masses of steel was dependent upon 
many complementary factors, and the merit of the authors’ experi- 
ments was that they had very boldly dealt with certain aspects on 
unorthodox lines. It was largely by such experiments that the tech- 
nology of the subject could be advanced, but, in the opinion of the 
Committee, the results presented did not, at this stage, indicate that 
the objects which the authors had in mind had been achieved. 


Mr. T. M. Service (Glasgow) thought the Committee on the Hetero- 
geneity of Steel Ingots should feel very grateful that, as a consequence 
of their publications, interest in the manufacture of steel had been 
aroused, not only in the people who carried out the work but also in 
the users, and the paper under discussion was a user’s idea of casting 
in order to improve quality. It showed the results of an investigation, 
by similar methods of examination to those adopted by the Committee, 
of an ingot made by the new principle adopted by Sir Charles Parsons. 

It was an undoubted fact that ingots as at present made required 
improvement ; there were four bad defects, and each or all of them 
had a harmful influence on the resulting product. The four defects 
were : 


(1) Axial weakness. That, in some cases, was only intercrystalline 
weakness between the grains, but in other cases it was an 
actual crack, sometimes accompanied by larger or smaller 
contraction cavities. 

(2) Axial segregates, usually accompanied by some non-metallic 
inclusions. 

(3) The inverted cone type of segregate, lying between the centre 
and the outside. 

(4) Non-metallic inclusions, which might occur anywhere in the 
ingot, and had no fixed position or fixed area. 


Taking the defects in the order outlined : 

(1) Awial Weakness.—Having carefully examined the actual centre 
of the ingot, he could say that that defect did not exist in the Parsons 
ingot. Etching by copper ammonium chloride solution, which was 
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the most drastic method known for detecting intercrystalline weakness, 
did not reveal any trace. 

(2) Aaxial Segregation —Neither by a sulphur print, nor by etching 
by copper ammonium chloride, was any trace of axial segregates 
detected. 

(3) The Inverted Cone Type of Segregate—That type was minimised 
and the position altered. On comparing Fig. 6 (Plate XXVII.), the 
surface etched by copper ammonium chloride, with Fig. 5 (Plate XX VI.), 
the sulphur print, the cone type of segregate was detected in the crystals 
growing at right angles to the vertical walls of the mould; none of 
those segregates were detected in the crystals growing vertically from 
the bottom. 

His (Mr. Service’s) opinion, based on the evidence produced from 
the ingot which had been obtained by methods adopted by the Com- 
mittee on the Heterogeneity of Steel Ingots, in respect of the three 
types of defects given above, was that the Parsons ingot was superior 
to the present type of ingot produced by the orthodox methods of 
manufacture. 

(4) Non-Metallic Inclusions —On that point he had an open mind. 
He did not see, at present, any reason why an ingot cast by that method 
should contain less inclusions than one cast by the orthodox methods. 
It might be supposed that owing to the long time the ingot took to 
become solid—14 hr.—a certain proportion of those inclusions would 
rise to the surface, but that did not appear to occur to any great extent 
(see Figs. 10 and 12, Plate XXX.; Figs. 16 and 17, Plate XXXI.; 
and Fig. 21, Plate XX XIV.). 

Dr. McCance, in his paper on non-metallic inclusions given before 
this Institute in 1918,1 had calculated the speed at which inclusions 
rose to the surface, and also the percentage of particles of a definite 
size (2-0 X 10% em.) at various temperatures above the melting point, 
and his results showed that a large percentage of inclusions were 
retained in the ingot. The amount of inclusions in steel was bound 
up with steelmaking, temperature, erosion of brickwork, &c., and, he 
(Mr. Service) thought, could not be influenced, to any great extent, 
by the type of mould into which the metal was cast. 


Sir Roperr Haprietp, Bt., F.R.S. (Past-President), said the 
members were greatly indebted to Sir Charles Parsons and Mr. Duncan 
for a very interesting paper. Dr. Hatfield had put before the meeting 
a point of view with regard to the larger ingots, and that of course was 
most important, but he hoped the authors would continue their experi- 
ments and show what was the bearing of their methods upon smaller 
masses of steel, for it was well known that it was not only with large 
masses that troubles arose occasionally, but that it was equally im- 
portant to have smaller masses perfectly sound. He mentioned that 


1 Journal of the Iron and Steel Institute, 1918, No. I. p. 239. 
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because his own experience in very large ingots had not been very 
great, but between the years 1910 and 1915 he had presented a con- 
siderable number of papers on the subject of sound steel to the Iron 
and Steel Institute, the American Institute of Mining Engineers, the 
Franklin Institute, and other bodies, dealing very fully with that 
problem. He ventured to think that the information there presented 
and the discussions which had followed had largely helped on the 
production of sound steel during the last ten to fifteen years. 

He felt sure it would be of interest to Sir Charles to know that an 
immense number of ingots, blanks, and other forms had been so pro- 
duced in the years of the Great War. For example, at his own com- 
pany’s works close upon ten thousand 9 -2-in. high-explosive shells weekly 
had required some 5000 double blanks or ingots—that was, two shells 
to each ingot or blank, He was glad to say that he had never heard 
of a single failure through unsoundness, segregation, fissures, or other 
defects. That showed that the problem of producing sound steel had 
Deen mastered for smaller work. 

Regarding the general application of his system for producing sound 
steel ingots, he would like to make reference to an important experiment 
on a 25-ton ingot made by Charpy on the Hadfield lines.1 The ingot 
was of octagonal design, measuring 40 in. at the upper end where the 
feeding-head joined. The total length, including the feeding-head, was 
104 ft., and the net length of the ingot, after discarding the feeding- 
head, was 74 ft. The ingot, a section photograph of which was repro- 
duced? (loc. cit., p. 75), had the following analysis: carbon 0-40, 
sulphur 0-02, phosphorus 0-04, and manganese 0:45 per cent. The 
sectioned ingot was carefully examined for segregation, and appeared 
to be remarkably satisfactory in that respect. At the time, Charpy 
considered that in order to eliminate all faults and sponginess it was 
only necessary to cut off about 12 in. from the upper part—that was, 
about one-twentieth of the total weight of the ingot, as against one- 
third, which was the proportion of discard ordinarily required. The 
average waste or unsound material in that large ingot was therefore 
of comparatively small amount. 

He could also give other instances concerning larger masses—for 
example, the production of sound steel used in the manufacture of 
18-in. armour-piercing shell requiring 20-in. diam. circular blanks, 
during the war. Those comparatively large masses of material had to 
be rendered extremely hard—over 600 Brinell ball hardness—and then 
tempered. Those searching operations quickly detected the slightest 
unsoundness or segregation, and he was glad to say that owing to the 
methods he had introduced no trouble from cracking or spontaneous 
fracture had been experienced, either in his own works or subsequently 
in the employment of those projectiles. He only mentioned that to 
show that they had on the whole obtained most satisfactory results. 

1 A full description of this is found in the Journal of the Iron and Steel Institute, 
1912, No. If. pp. 11, 40. 
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He might mention one further important instance where, notwith- 
standing what he had just said in relation to the production of smaller 
masses, there were still many difficulties met with. Taking, for example, 
railroad requirements in certain other countries, apart altogether from 
our own, there had been very serious losses of life and costly damage 
owing to breakages of rails in service. In the United States, for in- 
stance, the exceedingly heavy traffic (some of the locomotives there, 
with their huge tenders, weighed over 400 tons) imposed extremely 
severe strains upon the steel. Therefore it was of the utmost import- 
ance that the ingot should be sound and free from defect. He would 
like to ask Sir Charles, therefore, if he could carry out some experi- 
ments on smaller ingots and show in what way that unsatisfactory 
experience in America could be avoided. In this respect, some 12 years 
ago he had been asked to prepare 100 tons of ingots by his particular 
sound-steel method. They were sent over to America, and he was 
glad to say that they produced entirely satisfactory and sound 
rails. The discard from those ingots had not been more than 12 
or 14 per cent., and exceedingly severe tests had been carried out 
by Dr. Burgess, Director of the U.S. Bureau. of Standards in 
Washington. 

He would like to suggest one other point. In the manufacture of 
large ingots was enough attention paid to the purity of the material 
employed? By that he meant extreme purity. In his own company’s 
works he had recently examined the records of a large number of heats 
of special steel, the average analyses of which showed not more than 
0-012 per cent. of sulphur and 0-017 per cent. of phosphorus—that 
was, under 0:03 per cent. of the two impurities or metalloids com- 
bined. All knew that the less metalloids there were present in the first 
instance the less difficulty there would be with segregation and the 
other troubles mentioned in the paper. 

In conclusion, he hoped Sir Charles in replying would state what was 
the cost of the process as applied to, say, semi-large ingots. weighing 
15 to 30 tons each ; to medium sizes, say, 5 to 10 tons each ; to smaller 
sizes, say, 2 to 3 tons each, and to still smaller size ingots of from } to 
1 ton, which comprised a large portion of steel production. Such 
information would be of considerable service. 


Mr. KE. H. Santrer (Vice-President) pointed out that in Sir Charles 
Parsons’ method there was nothing which had not been tried in the 
past ; it was merely a combination—a very clever combination—of 
various methods, but it seemed to have produced a result which at 
least deserved very serious consideration. He would like to point out 
that the round ingot had been used for many years, and the reason it 
had not been employed to a greater extent was that, owing to its shape, 
it set up such enormous stresses in the steel that there was considerable 
difficulty in avoiding cracking. Sir Charles had probably done away 
with one difficulty in that respect by heating the walls of his mould, 
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but he had not done away with the possibility of enormous stresses 
in the centre of the ingot which, he understood from Dr. Hatfield’s 
remarks, manifested themselves by something like a rupture. 

The question of using oil burners or gas burners for keeping the 
head liquid was quite old. He had himself been making 20- and 
25-ton ingots for the last fifteen years, using that method. 

It was recognised in all steel circles that the shorter the ingot could 
be made the better it was. He spoke comparatively there, because 
he thought that the point of originality in the authors’ method was that 
they made the ingot shorter than it was wide. He did not know of any 
other instance of the use of that method except in making what were 
known as cheese ingots for tyres. The chill bottom had naturally 
always been there, the only difference being that, with the length 
adopted for the ingot, it gave a better effect. Another method in use 
was the ingot cast with the big end up, which was quite a big step in 
the direction Sir Charles was going of causing the setting of the ingot 
to take place from the bottom. 

Sir Charles had also lined the sides of his ingot with bricks. That, 
as Dr. Hatfield had already said, was quite an old method, and had 
caused serious trouble. Personally, he feared that the dendritic struc- 
ture of an ingot so made would not give the best results, because no 
amount of forging would destroy the original dendritic structure. 

The herring-bone segregate had been referred to, and was said not 
to be present in ingots made by the authors’ process. The herring- 
bone segregate, however, was merely the sagging down of the central 
part as the ingot set. It seemed to him, looking at Plate XXX., where 
the white lines (which had not been clearly explained) were shown, that 
those white lines were the signs of the herring-bone segregate, but that 
instead of being herring-bone it had become horizontal, owing to the 
shortness of the ingot and the large cross-section over which the sagging 
down took place. 

He hoped the authors would go on with their experiments. He 
thought that something would come of them, and that if an ingot 
which was perhaps a little longer than the authors’, but not so long as 
formerly, were produced, it would be better than the best ingots which 
were produced to-day. 


Professor J. H. ANDREW (Glasgow) said it had been his privilege 
to be supplied with sections from the ingot for the purpose of making 
a micro-examination. He had made that examination on two vertical 
sections from top to bottom of the ingot, one taken from the outside 
and the other from a position about 6 in. from the centre. The results 
had been submitted to Mr. Duncan with the idea that he should use 
them in the paper, but Mr. Duncan had sent them back with the request 
that he (Professor Andrew) should contribute them to the discussion. 

Fig. J (Plate XXXVB.) showed one of the many segregates which 
he had found in the ingot. The position of that segregate corresponded 
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to the position of Fig. 21 (Plate XXXIV.) in the paper. That inclusion 
was exceptionally large, and he would like to ask the authors why, if 
the metal was sufficiently liquid for so long a time to allow the segregates 
to coalesce to such large masses, they did not float to the top ? 

The question of internal stresses had been mentioned by one or 
two speakers. Figs. K, L, and M showed very strong evidence of 
internal stresses in the piece taken 6 in. from the centre. Several 
patches of peculiar distorted structures were observed. The ferrite 
could be seen crinkled up, and the pearlite was also considerably 
distorted. 

Another peculiar type of inclusion was shown in Fig. N ; it appeared 
to bea band of cementite. He did not think it was cementite, however, 
because it always existed in a carbonless area. He thought the bands 
were some form of silicate. In one or two cases they were very 
markedly evident. 

Fig. O was reproduced in order to show that the impurities should 
have had an opportunity of floating to the top. The micrograph was 
taken from an area practically at the top of the ingot. Both the out- 
side section and the centre section showed precisely similar structures. 
It could be seen that the pearlite had been rounded into a very nodular 
form. That meant that the metal must have taken a very long time 
to become solid, so that ample opportunity should have been given 
for the impurities to float to the top. The question was: Why had 
they not done so ? 

One point which he noticed was the extraordinary segregation 
of carbon, not as revealed by the authors’ analyses, but as revealed 
by their microstructures. If an ingot were cast and allowed to grow 
cold very slowly, a marked segregation of the ferrite and the solid 
solution was bound to result. Immediately after casting, that segre- 
gated state would exist, and he contended that there was a very small 
amount of diffusion on a falling temperature. The analyses of an 
ingot did not really give a very good impression as to the amount of 
segregation of carbon. Further, at the bottom of the ingot the whole 
mass was almost pure ferrite. Were the authors, by that process, 
going to get that segregation every time? That was to say, would 
they find that when they forged certain of their cheeses some would 
be of a lower carbon content than others? He would like to know 
whether that analysis had been made. He did not for a moment wish 
the authors to regard that as a criticism directed against their method 
of casting; it was merely a point concerning this particular ingot. 
He understood from Mr. Duncan that many changes had been made, 


and that they were now able to get a sound casting. As a first attempt 
it had been remarkably successful. 


Dr. W. Rosennaty, F.R.S. (National Physical Laboratory), said 
that, like everyone else who was interested in what took place when 
metal solidified, he had been very much struck by the great interest 
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and importance which attached to the experiment described by Sir 
Charles Parsons and Mr. Duncan. Sir Charles, in his opening remarks, 
had referred to the casting of specula, and it had struck him (Dr. Rosen- 
hain) that the present was one of those cases where knowledge derived 
from an entirely different source had been applied in a scientific manner 
to make an attempt at solving a problem of a very different kind. 

Whatever might be thought of the success which had been attained 
in those earlier attempts, it was quite clear that important knowledge, 
at any rate, of the formation of ingots and segregates in them would be 
gained as the result of an experiment of the kind under review. Looking 
at the matter from that point of view, he was inclined to ask what was 
the justification for the scientific idea at the base of the experiment, 
that an ingot, in order to be satisfactory, should be solidified from the 
bottom upwards? He took it that what was really at the back of Sir 
Charles’ mind, beyond the fact of experience that in the specula good 
results were obtained in that way, was perhaps the idea that the 
junctions of crystals were in themselves sources of weakness. That, 
if he might say so, was inherently a fallacy. The actual fact was that 
junctions of crystals, if they were free from impurity, were stronger 
than the crystals themselves—were sources of strength and not of 
weakness. But quite apart from the segregations in the example 
shown, there was another difficulty, and that was that where crystals 
met there was a tendency in a cast material for impurities, both solid 
and gaseous, to accumulate. He thought that the real cause of the 
success of the specula to which Sir Charles had referred lay in the fact 
that the mode of solidification was eminently suited, not so much to 
the prevention of segregation, and by no means, in his opinion, to the 
formation of a favourable crystal structure, but mainly to the oppor- 
tunity for the elimination of gas from the crystal boundaries ; and he 
ventured to suggest, further, that it might well be found that the 
rather striking mechanical tests which the authors obtained with their 
ingot might be due more to the fact that the extremely slow and more 
or less uni-directional solidification had allowed the expulsion of gas 
from the metal, than to any changes, which he did not think were 
really so very striking, in the distribution of segregates. His reason 
for making that suggestion was that for some years past, in the labora- 
tory with which he was connected, they had been working at the 
problem of the elimination of gas from solidifying metal, with a view 
to the production of sound castings. They had had the good fortune 
to work with metals much easier to handle than steel—perhaps even 
more prone than steel to take up gases at every possible opportunity, 
and to produce those gases in the form of cavities in the most undesir- 
able places—and they had succeeded in getting over that trouble in a 
simple manner. mA, 

He thought the industry which worked with those particular 
metals had applied their methods successfully in practice. There were 
two different ways in which that result had been obtained. One of 
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them did not concern the present issue, and he would not refer to it, 
but the other did—that was the method of allowing the metal to 
solidify very slowly. For that purpose the metal was melted in the 
ordinary way. It did not matter how gassy it was—sometimes it 
had been gassed intentionally. It was then allowed to solidify slowly 
in the furnace—in the case under discussion in the crucible or in a 
suitably preheated mould. It was then quickly remelted and cast, 
and the resulting product was entirely free from the pinhole cavities 
and the general defects which were so very common in that particular 
metal under ordinary conditions. The circumstances were such that 
it was possible to observe what happened. As the metal cooled, the 
surface showed the rising of bubbles, something like the last 
effervescence from an erated liquid. One saw the bubbles bursting 
on the surface, and the effect on the density of the material and on its 
mechanical properties was very striking. It occurred to him that 
in the slow solidification from the bottom upwards which had been 
achieved in the method of casting steel under discussion, something 
very similar must happen. There was not apparently time for the 
non-metallic impurities to rise to the surface. One forgot sometimes 
that the difference of density was not so very great there, and therefore 
the upward tendency was not so powerful as one would anticipate. 
But gas stood in a very different position, and he thought the con- 
ditions of solidification were such that they would certainly tend 
towards the elimination of gas, and in that way were bound to produce 
desirable results. A countervailing fact was the fact that such slow- 
cooling produced inevitably a very coarse crystal structure, a coarse 
macrostructure, which no amount of subsequent forging could eliminate, 
and he should anticipate that in forgings made from ingots of that 
kind one would find a coarse banding—a banding which one knew so 
well in mild steel and materials of that kind—which was nothing more 
or less than the descendant of the coarse segregated crystals them- 
selves. He was speaking now of crystal segregation, and not of the 
mass segregates to which the authors had referred. That was an 
inevitable consequence of the very slow solidification which this method 
implied, and he thought was perhaps in many respects its most serious 
disadvantage, 

There was another disadvantage, and that was the formation of 
what was, he thought, quite inevitably a crust on the surface of the 
metal as it rose in the mould. In ordinary ingot casting one saw that 
crust rise, and in successful cases it rose steadily without becoming 
either tilted or broken up. He should imagine that the difficulty of 
securing a steady rise of crust on an ingot of that size would be enormous. 
If that crust did not rise steadily the consequences were rather serious, 
because the oxides and other impurities which were formed on the 
crust became entangled with the metal and could not release them- 
selves satisfactorily. 

He would suggest as an alternative to the scientific idea which 
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Sir Charles had used another principle altogether concerning the proper 
mode of solidification of metal in a mould of any kind. First of all, 
the greatest possible purity of the material should be aimed at so that 
there should be nothing to segregate except carbon, and perhaps 
manganese, which did not segregate very much. The really damaging 
segregation was due to the presence of impurities, and particularly 
to the presence of those non-metallic enclosures, which could be 
eliminated if it was worth while in other ways, as, for instance, by 
holding the steel in steady fusion for a sufficient length of time before 
casting it at all (possibly an expensive method). But, granted some 


‘ sort of preliminary treatment of that kind, and a sufficiently pure 


metal, he thought that the sound method of solidification was to avoid 
contraction difficulties by never having in the mould at any one time 
more than the minimum amount of liquid metal; in other words, 
filling at a rate just sufficient to keep pace with solidification and 
sufficient to prevent cold-shutting at the edges of the mould. He could 
see there were very great difficulties in carrying that out in practice, 
but where it could be done—and he had tried it on a small scale—it 
had immense advantages, because the amount of liquid which could 
contract at any one moment was small, and therefore there was no 


. formation of anything in the nature of piping, and there were not the 


possibilities of movement and segregation which existed in a large 
mass of liquid undergoing gradual solidification. The material would 
be kept very nearly as homogeneous in the solid state as it was in the 
liquid at the outset. The practical difficulties, he admitted, were 
great, but he was not sure they were very much greater than in 
the somewhat revolutionary method which Sir Charles Parsons and 
Mr. Duncan had put forward. 


Mr. B. Tatzor (Past-President) said that for many years he had 
done considerable research work on ingots, but without getting the 
price for the finished product which Sir Charles Parsons would get for 
his. The Institute was greatly indebted to the authors for their most 
valuable experiment—for it was still, he thought, an experiment. 
Once again it had happened that a brilliant intellect from outside had 
been brought to bear on the iron and steel industry and its problems. 
That was not a new experience, for Bessemer, Siemens, and Thomas 
were not brought up in the industry. The authors had undoubtedly 
produced a very uniform ingot by their method, which, when applied 
commercially for the particular purposes they probably had in mind 
when starting their experiments, would no doubt prove superior to 
others. 

Personally, his own work had been directed towards trying to 
improve the quality of the cheap ingot, which, after all, was employed 
in 90 to 95 per cent. of the world’s uses. He ventured to think that if 
and when Sir Charles went further and tackled that predominant portion 
of the industry he would find it necessary to have an ingot which was 
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longer in its vertical section than in its cross-section ; in other words, 
it would have to be exactly the opposite of what the authors were 
using to-day for their particular purposes, if rolling-mills were to be 
employed. Personally, he dreaded to think what would happen to 
his mills if he put in an ingot of small vertical height as against 
very large cross-section. That, however, was a practical engineering 
difficulty. 

Then there was the question of the cost of casting ingots in the 
brick-lined moulds illustrated, and what kind of output would be 
obtained if the ingots had to be kept liquid as long as possible; the 
method might not be suitable for the cheap trades using the kind of 


‘ingot necessary for rails, &c. His own view was that a reasonable 


quality of steel could be obtained for those purposes by the methods 
adopted by Sir Robert Hadfield and others by keeping the tops open ; 
and, as Mr. Saniter said, one very often cast the ingot with the large 
end at the top, which tended to bring the segregates to the top as the 
smaller end of the ingot solidified first. 

The whole problem in the end would have to be settled as the 
authors suggested in the last paragraph of their paper. Everyone 
agreed that if steel could be obtained free from segregation and axial 
weakness it was to be preferred—there was no argument about it ; 
but it must be at a reasonable cost. 


Mr. W. H. Parcuenyt (London) thanked the Institute for letting 
him, as a non-member, take part in the proceedings. One was struck 
by the novelty of a man like Sir Charles, who was not a steel-maker, 
coming in to teach steel-makers how to cast their ingots. 

Full confidence of the buyer in the seller was the essence and the 
foundation of the iron and steel business, but sometimes one received 
a shock from the disclosure of hidden flaws. In Sir Charles’ case, and 
in that class of business in which he himself was most interested, it 
was the maker, not of the steel, but of the machine who received the 
blame. Personally, he was more interested in longer forgings than 
those with which the authors had dealt. A short time ago one of 


_ the largest machine-makers in England complained, at a meeting of the 


Institution of Electrical Engineers, that ““ We are waiting for forging 
makers to make sound forgings from known materials.” That was 
so not only in Great Britain but in the United States. In the United 
States he had seen shafts 20 ft. long and of 28 in. maximum diameter 
made for large steam turbines—larger machines than existed in this 
country up to the present, though he hoped they were coming here 
too. Those shafts had not been altogether free from reproach ; they 
did not always “ stay put.” There must have been internal stresses, 
and the trouble which had occurred with those shafts had led to dis- 
cussions between the steel-maker or forger and the purchaser, with 
the maker of the machine occupying an intermediate position. One 
was led to wonder what went on in those shafts. If the ingot was 
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chosen for the job, uni-directional forging might be adopted, with or 
without upsetting. Some people were greatly opposed to upsetting. 


Sir CHARLES Parsons, in reply, said Dr. Hatfield appeared to be of 
opinion that very heavy stresses would be produced in casting in a disc 
form. There were two kinds of stresses, sheer and bulk. Sheer stress 
depended on the temperature gradient in the metal as it set ; that was 
a fundamental thing in mechanics. The disc would relieve itself to a 
certain extent by trying to buckle. The only way in which it could 
really be proved was this: Speculum metal was one of the most brittle 
substances that existed—it was more brittle than glass; when a 
speculum, 6 ft. in diam., about 5 in. thick and weighing about 4 tons, 
cooled it did not crack. It was cooled, of course, very slowly indeed, 
and very slowly annealed, but it was practically set before its tem- 
perature was allowed to sink. That proved there could not have been 
great sheer stresses in the speculum metal. 

Coming to the bulk stresses, if a mass were cooled rather rapidly by 
external radiation the outside set first. The outside having set, and 
the inside being molten, or much hotter, it started to contract ; as the 
outside shell was rigid, rupture or cavities were bound to take place in 
the centre, and therefore segregations and weak places were produced in 
the centre of the mass. When a long ingot cooled in the cylindrical 
fashion, cavities were bound to occur in the middle, because the metal 
contracted and was bound to leave a vacuum; but when it was cooled 
in horizontal layers no bulk stresses were produced ; there was simply 
a sheer stress, and the speculum metal proved that that could not be 
very serious. 

He would ask Mr. Duncan to deal with the other matters raised in 
the discussion. 


Mr. Duncan said the authors were grateful to all those who had 
taken part in the discussion, because they felt that criticism would aid 
progress. To the authors it was very important to be able to obtain 
forgings, both of small and large dimensions, on which they could rely. 

The experiments described were undertaken as the direct outcome 
of the First Report of the Heterogeneity Committee, in which the 
Committee showed the defects present in steel ingots made under the 
best conditions. Dr. Hatfield had said that the example taken by the 
authors from that First Report did not represent the state of the art 
to-day. He did not know that that example had been cast many years 
ago; he had thought it was (as stated in the paper) a representation of 
what engineers must expect and look for, and he was really under the 
impression that users were told they were unreasonable in their demands, 
because steel could not be cast in large masses free from cavities and 
from segregate. d 

He gathered that Dr. Hatfield and the Heterogeneity Committee 
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were of opinion that (by using such methods as pouring at the correct 
speed, correct variation in the cross-section from top to bottom, en- 
suring the correct temperature of the metal, and other refinements) axial 
weakness had now been reduced to negligible proportions. If Dr. Hat- 
field would come and spend a month or two at their works, and make 
himself responsible for getting their contracts through to time, he 
would find that defects in steel forgings were far from negligible, and all 
too frequently delayed the completion of the contract. The Chairman 
of the Forgemasters’ Association told turbine builders at a joint meeting 
a few years ago: “Gentlemen, you must not go in for larger forgings ; 
you have reached the limit, and you must moderate your demands. If 
you do not, we must warn you that the segregation effects and the axial 
unsoundness will be increased. In fact, we think you ought to put a 
12-in. hole through each forging to remove that weak centre.” A 12-in. 
hole was, however, quite out of the question ; the turbine builders had, 
therefore, to compromise and put through a 38-in. or 4-in. hole, which 
they found did not remove this weakness in many cases. 

Dr. Hatfield said—and the authors took it to represent the con- 
sidered opinion of the Heterogeneity Committee—that the method 
employed by the authors had one effect which was serious—namely, 
that it left the major segregate at the top corners and would necessitate 
a large discard. The authors agreed with him and the Committee. 
They thought that was a very serious effect, but what, they asked, was 
to be thought about an ingot cast in the ordinary way, in which that 
major segregate was left in the ingot and in the forging, and could 
not be removed by any amount of discard? He thought the Hetero- 
geneity Committee had shown the necessity for the very experiments 
the authors were carrying out. 

Dr. Hatfield also referred to the white bands, and wanted some more 
information about them. The authors had analysed and examined 
those bands microscopically, and had found they contained less carbon, 
less phosphorus, and less sulphur than the adjoining material. He | 
thought Mr. Saniter’s explanation of them was probably the correct — 
one, but the authors did not feel qualified to express an opinion on the 
subject ; they accepted Mr. Saniter’s explanation. 

The question of the slow cooling and the very coarse crystal structure 
produced had been referred to. That was criticised by several members, 
some of whom were afraid that the coarse structure would be a source 
of weakness to the mechanical properties. Dr. Rosenhain had empha- 
sised that. He was not sure how Dr. Rosenhain reconciled that state- 
ment with the mechanical tests which the authors obtained from the 
forging after it was cut into cheeses and forged into discs. There the 
authors showed that, whatever the coarseness of the structure, the 
mechanical properties in three directions were better than anything 
which could be obtained from steelworks to-day with ingots cast with 
all their skill in the ordinary way. If the coarseness of the crystal 
structure was such a detriment to the mechanical properties one would 
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expect to find it shown, The authors did not find it, and their tests 
were taken close to the centre of the discs. 

Dr. Hatfield said his Committee would have liked some information 
about the tear. Surely Dr. Hatfield and his Committee must know 
that if any ingot of the section in question, whatever its shape, was 
cooled as rapidly as the authors cooled theirs (because although they 
expected it to tear they thought it unimportant, since they proposed 
to cut up the ingot for examination) there was bound to be large internal 
stress. The second ingot was cast and treated in the normal manner— 
that was, slowly cooled—and it did not tear. One would never allow an 
ingot, even of the ordinary shape, to be cooled rapidly. After it was 
cast 1t should be stripped while the outer surface was still at red-heat 
and charged immediately into the forge furnace. 

The question of difficulties of manipulation had been raised. The 
authors agreed that was a difficulty, but they found no difficulty what- 
ever in casting a stalk on the ingot after it had set, and they could 
assure Dr. Hatfield that that stalk did not break off at the root 
during the subsequent forging. A simpler method would be to lower 
a bar, perhaps heated up to welding heat at the end, into the metal 
just before it set, in the same way as at the present time lifting hooks 
were lowered into large ingots. 


Dr. HAtrFi£ Lp, interposing, said that would mean a chill at the top. 


Mr. Duncan agreed, but said it would be in the segregate portion 
and would only penetrate 12 or 15 1n., which portion would be discarded. 

A question had been raised with regard to the illustration given in 
the First Report of an ingot cast in a loam mould, and with regard to 
the faults to which that method of casting had given rise. He did not 
think that was a parallel case with the authors’ ingot. In the first 
place, the Joam mould was not heated ; in the second place, the top 
was not kept hot; and, in the third place, the chill on the bottom was 
not nearly of sufficient dimensions to ensure that the cooling proceeded 
from the bottom only. 

With regard to the shape of the ingot, Dr. Hatfield wanted to know 
whether the authors would make their moulds to suit the forging, or 
the other way round. The whole principle, of course, depended on 
cooling from the bottom, and therefore they proposed to adhere to the 
present shape. In the case of the second 20-ton ingot cast, it was forged 
from a 70-in. diam. into a 40-in. diam. bloom in one heat. One then 
had a bloom of the ordinary shape, and it was well known that an ingot 
cast in the ordinary way had to be bloomed also in the first heat. 

Mr. Service very clearly and concisely pointed out four bad defects 
which were found in present-day ingots. The authors agreed; they 
were constantly coming across those defects. They were glad Mr. 
Service agreed that several of those defects had been overcome by 
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their method. In the first ingot cast by that method they did not 
expect perfection, but by giving attention to details and learning by 
experience they expected to improve it very considerably, and they 
hoped at some future date to be able to give to the Institute the 
result of further experiments. 

The authors thanked Sir Robert Hadfield for his kind remarks. The 
only information they had concerning smaller ingots was in regard to 
the 3-ton ingot, 3 ft. in diam., a sulphur print of which had been shown, 
but as the principle was the same they would expect similar results from 
any size of ingot. 

The authors were of course quite aware of the great amount of 
work which had been done, and the experiments which had been 
carried out by Sir Robert Hadfield, by Mr. Talbot, and by others, and 
had benefited greatly by reading their various contributions to the 
subject. They were not, however, thinking of competing at all with 
the work those gentlemen had done ; their object was rather different. 
There could be no question but that their method would add to the cost 
of making rails, for example, because one would have first of all to bloom 
the ingot and then cut it up into cheeses of the size required for the 
small ingots, and that would certainly add to the cost. Whether it 
would be worth it or not was quite another matter. 

The question was also raised of the cost of the mould, and of 
providing a new mould for each ingot. The cost of a hematite mould 
as used in the ordinary method was large, and after thirty or forty heats 
it had to be scrapped. The authors did not know how many heats it 
would be possible to get out of one mould built in the way they de- 
scribed, but steelmakers had plenty of experience of the life of ladles, 
and it was well known that all that was needed was to patch up the 
brickwork. That was not costly, and the first cost of making the 
mould was not high at all. Even with the ordinary hematite iron 
moulds the inside had to be cleaned each time and given very 
thoroughly a protective coating, so he did not see why the mould 
used by the authors should prove more expensive. After the first 
ingot the mould stripped absolutely clean and was ready for another 
charge ; there was no difficulty about it at all, and the mould walls 
were in perfect condition. 

It was too early to say anything about the cost of the process at 
present, but it was difficult to see why it should be any more costly than 
the ordinary method of casting large ingots. 

The authors quite agreed with Mr. Saniter that their method was 
really a combination of old methods ; it was the combination that they 
were claiming. He felt sure Mr. Saniter’s difficulty about round 


ingots and the cracks which had been experienced in the past, would , 


not arise in the present case if the ingot was taken at a red heat to 
the forging furnace, or was slowly cooled. 

The authors thanked Professor Andrew for his contribution to the 
discussion and for the very interesting micrographs which he had shown. 
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The strained structure shown was to be expected on account of the very 
rapid cooling to which the ingot was subjected. 

No analyses were made of the cheeses, but the pieces which had been 
cut out of the centre still existed, and no doubt the authors could 
analyse them and determine the amount of segregation. 

Dr. Rosenhain was of opinion that the good mechanical tests were 


“due to the expulsion of gases. The authors did not know; all they 


wanted was to obtain a material which would give the results realised, 
and he could assure Dr. Rosenhain that it was a very difficult problem 
to obtain such material with regularity. 

With regard to non-metallic inclusions, at a meeting of the Institute 
a few years ago the question of non-metallic inclusions and their rising 
to the surface was discussed, and it was mentioned that their size was 
so small and the rate of freezing of the ingot was so fast that they had 
no chance of reaching the surface. Now Dr. Hatfield complained that 
the authors had cooled their ingot so slowly that the non-metallic 
particles were very large. Naturally they were ; they had had time to 
coalesce, and cooling the ingot very slowly from the bottom gave them 
greater opportunity of getting to the top. One could not have it both 
ways ; either it must be favourable to the process, or the other explana- 
tion given was wrong. The authors thought the amount of cooling 
taking place on the sides of the first ingot prevented a lot of particles 
from getting to the top which would otherwise have got there. More- 
over, Fig. 21 (Plate XXXIV.), showing the non-metallic inclusions, 
and Professor Andrew’s Fig. J (Plate XXXVB.), were taken from 
one of those pieces of crust which had got trapped in the ingot, and 
not from a white band. 

He had forgotten to mention that in the authors’ opinion they made 
a great mistake, when casting the first ingot, in pouring it so slowly. 
The teeming from a 14-in. nozzle was far too slow for an ingot of the 
diameter in question. He did not say it was too slow for an ingot cast 
in the ordinary way and of the ordinary dimensions, because it was most 
important in that case that the teeming speed and the temperature of 
the metal should be carefully adjusted. One would get that cone- 
shaped formation at the bottom of the ingot by casting too hot. With 
the authors’ method nothing of that sort could occur, and one could 
cast as fast and as hot as one liked—in fact, the faster the better, 
because the larger the stream the less the oxidation from the furnace 
to the mould, and therefore the smaller the amount of non-metallics. 
There was nothing to fear in the way of crystal formation, cracking, or 
anything of that sort due to teeming too fast. a, 

He thought the difficulty about the crust might be got over by filling 
the mould with nitrogen or another inert gas. He had heard of that 
being done in the case of armour plate, with a great reduction in the 
amount of crust formed. Such things should not be insuperable 
difficulties. 

The authors were glad to hear. Mr. Talbot’s opinion that the ingot 
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was a most uniform one, because they valued his opinion very highly. 
Mr. Talbot went on to show that the shape of the ingot was not suitable 
for rails, &c. The authors quite agreed with him. 

The authors would deal with other points in a written reply. 


This paper was also presented at the Additional Meeting held at 
Glasgow on May 9, 1929. 


Professor J. H. ANDREW (Glasgow) said that in the second para- 
graph on p. 257 there appeared the rather peculiar sentence: “ Fig. 5 
(Plate XXVI.) is a sulphur print of a longitudinal section of the ingot 
at its central axis; the white bands are areas of lower carbon and 
phosphorus content.” That was the first time that he had ever heard 
it suggested that a sulphur print gave an indication of the carbon 
distribution. In the first place, areas low in carbon were invariably 
high in phosphorus and sulphur, and would be represented by the dark 
areas in the sulphur print. He thought the sulphur prints of the 
cheeses were some of the most beautiful that he had ever seen. 


Mr. T. M. Srervicr (Glasgow) said that the first lantern slide + 
shown by Mr. Duncan in presenting the paper illustrated what was 
commonly found in steel ingots made by the present-day methods when 
split and sulphur-printed. It had been stated at the London meeting 
of the Institute that ingots as now made were not so bad as that shown 
in that slide, but the improvement was only a question of degree. 
All present-day ingots showed the same type of defect, and, although 
improvement had been made, the central weakness was still present, 
and there was always a certain area near the bottom end which either 
showed definite cracks or a weakness which on working ultimately 
became a crack. In Sir Charles Parsons’ ingot, however, there was 
no central weakness, so that so far as solidity was concerned that ingot 
Was an improvement on what was produced by the ordinary method 
of casting. Segregates were absent from the greater part of the ingot, 
but there were traces to be found at the top right- and left-hand corners 
of the ingot. With regard to non-metallic inclusions, there was one 
particularly dark line which contained inclusions (see Fig. 21). He 
did not suppose that inclusions could be got rid of entirely; their 
quantity and position were bound up with the method of manufacture 
and the casting conditions, and were little influenced by the time of 
cooling. Unless those segregates were fairly large in extent they never 
floated to the surface. 

There was one point which Mr. Duncan should make clear—namely, 
that that type of ingot was only suitable for certain classes of material. 


1 See “‘ Report on the Heterogeneity of Steel Ingots,” Journal of the Iron and 
Steel Institute, 1926, No. I., Fig. 1, Plate JI. : 
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For the ordinary mill product, as it was known in the West of Scotland, 
that type of ingot would be unsuitable, and consequently for the majority 
of steel produced in the country the process could not be applied. 

Another point put forward at the meeting in London was that the 
stresses in that type of ingot were considerably greater than in an ingot 
made by the ordinary methods. He did not agree with that. Ingots 
were made even larger in diameter than 6 ft., and if allowed to cool 
quickly, as was done in the present case, they also would have large 
internal stresses. The stresses set up in either octagonal or circular 
ingots, if cooled quickly, were considerable, and their extent depended 
to a great degree on the method of cooling. A 6-ft. diam. circular 
ingot was no more difficult to control than an octagonal ingot 6 ft. 
across the flats. 


Mr. J. G. McDonatp (Glasgow) desired to comment on Professor 
Andrew’s reference to those white lines. He thought that in the 
present state of knowledge Mr. Duncan should leave that sentence as 
it was. The sulphur print suggested a drop in sulphur content, but 
not necessarily a rise in phosphorus content, as was shown by the 
analysis given opposite one of these lines in Fig. 9. The drillings were 
taken with a fine drill in order to avoid contamination as far as possible. 
There was also a drop in the carbon content, as was to be expected from 
the appearance of the same lines on the nitric acid etching, Fig. 19, 
and that was confirmed by micro-examination. The simple explana- 
tion of the presence of those lines was that they were composed of metal 
definitely freer from each of the three segregating elements than the 
surrounding metal. 


The Cuatrman (Mr. R. Hamilton) said that at the bottom of p. 257 
he had noticed the following statement: “‘ The main segregate is only 
noticeable at the top, which would be discarded.” Looking at the 
illustration, it seemed to him to be rather difficult to discard that 
segregate. That that ingot was not typical was shown by the next 
ingot which did not contain that segregate to the same extent. It 
was possible that that method of casting might result in very little 
segregate being formed, but, if there were any, he would like to know 
how it was to be discarded. 


For the AutHors’ reply, see p. 299. 


This paper was further discussed at the Additional Meeting held 
at Sheffield on May 15, 1929. 


Dr. W. H. Harrretp (Member of Council), in opening the discussion, 


_ repeated the gist of his remarks made at the Annual Meeting in London 


(see p. 267). 
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Mr. E. H. Santrer (Vice-President) reiterated some of his comments 
made at the Annual Meeting in London (see p. 274). Continuing, he 
said that Dr. Hatfield had referred to the danger of sand or dirt getting 
into the ingot from the brick lining. He thought Dr. Hatfield might 
banish those fears; large quantities of steel castings were made in a 
somewhat similar manner, and they were produced without the fear 
of dirt getting into them. 

He questioned whether uni-directional freezing would get rid of 
the non-metallic inclusions. While it might drive the segregate to 
the top, he doubted if it would also carry the non-metallic inclusions 
to the top, though the method of keeping the top hot might help in 
that direction. 

A modification made since the paper was prepared, was the dropping 
of pieces of coke on to the top of the steel ; unless there was an oxidising 
atmosphere—which he thought Mr. Duncan would not want—that coke 
would become more or less dissolved in the steel and make the segrega- 
tion more severe. 


Mr. Duncan said there was some slag on top. 
Mr. Sanirer asked if the coke were added just to supply heat. 
Mr. Duncan replied that air was blown in. 


Mr. SanirER, continuing, thought that the fusing-in of a porter 
bar might prevent the quiet gathering together of the segregate; the 
insertion of the white-hot porter bar might disturb seriously the 
setting of the top part of the ingot, and cause some unsoundness by 
introducing oxide of iron. 


Mr. A. A. Munro (Eaglescliffe) thought the authors might be said 
to have carried out with a certain amount of success a fairly large 
experiment on sound principles; they would obtain even greater 
success after more experience in casting conditions, &c. It had been 
suggested that that type of ingot might be suitable for hollow forgings ; 
although that appeared to be correct for small forgings, the larger ones 
would present difficulties, especially in casting and forging. It must 
be remembered that with large hollow forgings a 21 in. to 27 in. diam. 
core was removed. That, of course, removed all the central weak- 
ness, which was the cause of so much trouble to the turbine engineer. 
Secondary segregation was left in the walls of the forging (except at 
the top end in some cases), and was thus not affected by any of the 
processes for which the final forging was used. Carbon segregation 
was still present in the ingot, and would be of great importance in 
hollow forgings ; it would appear as ghost lines in the bore. Segrega- 
tion, as generally understood, was not seen in the ingot at all, but he 
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was convinced that it was still present, though in a finely divided state 
throughout the ingot. 

Non-metallic inclusions were the greatest trouble, and he asked 
if the authors felt convinced that that type of ingot was cleaner than 
the present ingot. Silicates were carried into the ingot from the 
furnace and the ladle, and, by using a mould composed of bricks, an 
increased risk would be presented to the steelmaker, that depending, 
of course, on the casting conditions. 

An ingot suitable for large forgings weighed between 120 and 
165 tons. That would mean an ingot approximately 14 to 16 ft. in 
diam. by 7 to 8 ft. long. Casting a head for handling purposes would 
affect the cooling of the ingot. In place of a head, the authors had 
suggested welding on a bar before the ingot had finally set. The 
question arose how far would that bar have to sink in to ensure the 
handling of the ingot with safety ? The depth to which the bar would - 
sink would affect the amount of discard to be removed. 

Forging a large-diameter ingot which was so short would be ex- 
tremely difficult, as the outside diameter must elongate much faster 
than the centre. That, again, would increase the amount of discard. 
It was doubtful if there were a press in the country which could tackle 
the work. 

The authors had stated that there was no necessity to crop material 
off the bottom end of their ingot. He believed the large-diameter 
bottom end would contain a considerable amount of non-metallic 
inclusions due to the sudden chilling obtained from the bottom plate. 

He agreed that that type of ingot would be suitable for small hollow 
forgings which, at present, were made solid and bored out. In that 
case piping did become important, and it had caused trouble in the 

ast. 
; It was to be hoped further experiments would be carried out. 
Provided that a clean non-piping ingot were produced at a reasonable 
cost, he would be prepared to accept forgings which otherwise met 
buyers’ specifications. 


Mr. E. C. Issorson (Sheffield) remarked that Lord Chetwynd 
had carried out a long experiment of heating ladles full of steel, in 
- very considerable quantities, both in Sheffield and in Leeds, and 
the mechanical tests on about 1000 tons had shown practically no 
advantage, 


Mr. T. F. Russevy (Sheffield) said that it was a well-known fact 
that quite a large proportion of the defects in steel found their origin 
in the casting, and any suggested new method of casting should be 
very carefully examined. The method of casting as practised in 
Sheffield had been developed after many years of scientific observation 
on the effects of casting speeds, temperature of the metal, size and 
shape of the ingot, &c. A certain stage of perfection had been reached, 
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beyond which it was probably impossible to go with the usual cast-iron 
mould. Mr. Duncan had now introduced what was an essentially new 
principle—namely, the use of a mould made of a refractory material 
heated almost to the temperature of molten steel. The change was 
a drastic one, and until far more than was given in the paper was 
known about such things as the skin defects, amount of waste, forging 
properties, costs, and the many other points already raised in the 
discussion, it was too early for anyone to pass an opinion on it. 

All metallurgists agreed that the ideal method of casting ingots 
was to chill the metal from the bottom and allow it to solidify upwards. 
Whereas Mr. Duncan was attempting to attain that object by using a 
badly conducting hot refractory material for the walls of the mould, 
a continental worker was experimenting on an exactly opposite principle 
—namely, the use of moulds made of good conducting, water-cooled 
metal. Dr. Oertel had described? some very interesting experiments 
on the casting of steels (plain carbon, tungsten, magnet steels, and 
high-speed steel) in a tilting, water-cooled, round copper mould, which 
was said to need no preparation and to have almost unlimited life. 
The ingots, which weighed about 4 cwt., had been thoroughly examined, 
and appeared in every way highly satisfactory. Dr. Oertel admitted 
that his experiments must be looked upon as preliminary ones, and 
that further tests were necessary before a final opinion could be formed 
on the value of water-cooled moulds. That, he (Mr. Russell) thought, 
should be the general attitude towards the authors’ valuable experi- 
ments with hot refractory moulds. 


Mr. G. E. Howarru (Sheffield) said it would be of considerable 
interest if any information on the distribution of silicates within the 
ingot could be given. An account had been given by Dickenson 2 of 
a number of ingots and forgings of piping steel which had been 
examined ; in each case a very distinct increase in the silicate content 
was shown to exist near the bottom end. The ingots were of the usual 
type, cast in chill moulds, in which the solidification of the molten steel 
had commenced from the sides and bottom; the macrostructures 
showed the typical columnar skin with a lighter etching central pyramid 
of free crystals resting on the bottom floor of chill crystals. It was 
suggested that during solidification the lighter etching zone of free 
crystals had formed as the result of a downward shower of heavy, 
purer crystallites, and that the increased silicate content close to the 
bottom end was due to coalesced particles of slaggy matter being 
mechanically entangled and carried down to the bottom of the ingot 
by the descending crystallites. 

In an ingot such as that produced by the authors, in which uni- 
directional freezing had taken place, commencing at the bottom face 
and extending upwards to close to the top, a very different distribution 


1 Stahl und Hisen, 1929, vol. xlix., May 9, p. 696. 
* Journal of the Iron and Steel Institute, 1926, No. I. Doiite 
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of the silicate particles would be expected, and it would be of much 
theoretical interest and practical importance if any information could 
be given on that point. 

Tt was of interest to note that, notwithstanding the big difference 
in the manner of solidification, the ingot showed very similar variations 
in analysis to those cast in chill moulds of the usual proportions, a 
progressive increase in the carbon, sulphur, and phosphorus axially 
from the bottom upwards being found. Another point which might be 
of some importance with that method of casting was the large surface 
area of the bottom of the mould which had to be covered by the molten 
metal at the commencement of casting. It would appear that there 
was some probability of obtaining mechanically trapped oxides and 
blowholes in that region of the ingot, which would necessitate a con- 
siderably greater weight of discard than in ingots of the usual type. 


The CuarrMaNn (Professor C. H. Desch, F.R.S.) said he would like 
to say a word as a member of the Ingots Committee, and one who had 
thereby had an opportunity of inspecting the ingot. He was bound 
to say that they were somewhat struck by the very marked character 
of the horizontal white lines, which microscopical examination showed 
to contain an unusually large proportion of non-metallic inclusions. 
He understood, however, from Mr. Duncan that that defect in the first 
ingot could to some extent be remedied in the later ones. There was, 
however, no mention of one fact : that method of casting steel seemed 
to bring with it a lability to a greater internal stress, and that first 
ingot was undoubtedly quite extensively clinked; one would like to 
know whether that was inevitable in that method of casting. It 
seemed that the freedom from segregation might bring with it greater 
liability to internal stress. 

He wanted to offer a word of warning as to the interpretation of 
one of the slides shown by Mr. Duncan in presenting the paper. It 
was a picture of a section of the old-fashioned ingot taken from the 
First Report of the Committee on Heterogeneity of Steel Ingots.t 
It had been deliberately printed rather heavily in that Report, in order 
to show segregation in an exaggerated fashion ; on the other hand, the 
authors’: first sulphur print was printed unusually lightly. He did 
not for a moment suggest that that sulphur print was not much more 
uniform than that from the old ingot, but he did not want students to 
think that the ratio of segregation was indicated by the ratio of the 
depth of the two prints. 


For the AuTHors’ reply, see p. 299. 


1 Journal of the Iron and Steel Institute, 1926, No. I., Fig. 1, Plate II. 
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CORRESPONDENCE. 


Professor C. Benepicks (Hon. Vice-President) and Mr. H. LOrquist 
(Stockholm) wrote: It has been a very great pleasure to read this 
paper, which contains so much valuable information; the method 
produces in an admirable way that desirable form of ingot which one 
of the present writers had called type B.1_ In principle, the new 
method, of course, does not differ very much from, say, the method 
of Sir Robert Hadfield, in which the upper part of the ingot was like- 
wise heated by means of a gas-burner. The use, however, of such a 
shape of the mould as to give predominance to the cooling from the 
horizontal bottom chill isa new departure, which may prove to be of con- 
siderable practical importance. The new method can be characterised 
as producing the ingot type B with a very high, and horizontally ex- 
tended, thermal centre. It may be questioned whether it would not 
be rational to adopt the form which is most natural for type B, namely, 
the reversed cone + (loc. cit., Fig. C), although stripping would probably 
be slightly more complicated (a divided mould would then be necessary). 

As for the structure obtained on solidification, the most promi- 
nent feature is the occurrence of the well-marked transverse bands— 
containing oxides, and lower in carbon and phosphorus—which are 
essentially parallel to the horizontal cooling surface. The authors 
seem to attribute the oxide content only to the first contact of the 
molten metal with the mould bottom. The present writers scarcely 
think it quite justified entirely to disregard the oxidation which might 
take place during the whole time of pouring. The oxidation of the 
jet of metal might possibly be increased by the fact that the jet has to 
pass through a hole in the cover; this might give rise to a turbulent air 
motion, or injector action, which might be increased on account of the 
gas flame, and possibly cause a stronger oxidation than in open air. In 
any case, the oxidation products must be assumed to be more or less 
evenly dispersed in the total molten mass before solidification, and the 
question arises, why the oxide occurs in transverse ferrite bands. As 
the authors present no explanation, the present writers desire to advance 
the following tentative one. 

As pointed out by the present writers, the solidification frequently 
proceeds in a periodical manner. First there is a crystallisation pro- 
ceeding from the outside (in the direction of the main temperature 
increase), giving crystals lower in carbon, as well as in dissolved and 
precipitated impurities (oxide, sulphide). The foreign dissolved sub- 
stances must cause a lowering of the melting point of the mother 
liquor, and consequently a slowing down, or even a momentary arrest, 
of the solidification. After this, on account of the continuous loss of 


1 See Journal of the Iron and Steel Institute, 1928, No. I. p. 557. 


PR i eh Os NT 


pay eee + 


CORRESPONDENCE ON PARSONS AND DUNGAN’S PAPER. 293 


heat, a new crystallisation period will set in. The oxide and sulphide, 
being frequently enclosed in the lower melting residue after the earlier 
crystallisation, may form ghost lines rich in sulphur—in the case of 
the type 4, with an inward slope of the crystal boundary, hindering 
the free rising in the liquid of larger sulphide and oxide particles. This 
explanation seems to the present writers quite satisfactory for ingots 
of ordinary form (extended vertically). 

Now, in the case of the new ingot shape—in which the solidification 
proceeds essentially in horizontal layers growing upwards—another 
factor, which, according to the theory of the present writers, causes 
for ordinary ingots the formation of the “ sedimentary cone,” must be 
considered—namely, the probable action of oxide—or silicate—particles 
in causing around themselves a low carbon concentration, with the 
precipitation of carbon-free iron, probably somewhat heavier than 
the melt. 

Let us now consider the above residue layer, higher in dissolved 
elements than the average analysis, and here horizontal. The sulphide 
expelled from the crystallised zone below will have the opportunity 
of rising, on account of the sulphides generally forming larger particles 
and being of lower density than the oxides. Consequently, in the new 
ingot type, no large sulphide particles occur, except in the top parts 
(especially in the inward-sloping, early solidified edge portions, char- 
acteristic of type A). 

The oxide particles—likewise expelled from the crystal zone below— 
will generally rise at a slower rate. Only the larger drops will rise to 
any extent, the smaller ones rising much less. This fact, in the present 
writers’ opinion, may be well illustrated by Fig. 21 (Plate XXXIV.), 
if this be turned clockwise through 120°, which will then probably repre- 
sent the original position with regard to the horizontal direction. 
Now, oxide particles of a definite size may soon be coated with a layer 
of ferrite crystals. In the same way as has been assumed for the 
sedimentary cone, these ferrite-loaded oxide grains will sink, forming, 
by sedimentation, a ferrite layer on the metal below. Without going 
into further details, the present writers think that, without any new 
assumptions being made, this gives the explanation of these horizontal 
ferrite zones. 


Mr. H. Breartey (Vice-President) wrote: Although the general 
properties of the ingot exhibited by the illustrations in the paper 
might have been predictable from a reading of the authors’ patent 
specification, the details given are to be heartily welcomed as an honest 
presentation of observed facts which lend support to the authors’ 
modest statements of opinion. 

The Parsons-Duncan process of ingot making should be regarded 
and criticised, if criticised at all, from their particular point of view. 
It would be unfair to ignore the paper or to belittle the process it 
describes because there is no prospect of using the process in the 
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manufacture of such steel goods as rails, girders, and fencing wire. It 
would be easy to cite a large number of purposes for which steel is used 
which could not be served by the new process of ingot-making because 
the market price would not permit it.. It must, however, be obvious to 
those who will take the trouble to look beyond their immediate interests 
in particular branches of the steel trade that ordinary steel bought 
at the market price could frequently be substituted with ultimate 
advantage by better made steel of the same class bought at an enhanced 
price. Action along those lines might be fruitful in unexpected 
directions as it has already been fruitful in small ways when taken by 
people who estimate the value of steel in terms of service to the ultimate 
user. 

I welcome the paper personally because it deals, or attempts to 
deal, practically with improvements in the quality of steel without 
raising the traditional side-issue relating to the percentage of sulphur 
and phosphorus in the steel, and I am entirely in agreement with the 
authors’ preference for sulphur prints as an indication of the meaning 
of segregates as compared with the results of chemical analyses made 
on drillings taken in the ordinary way. 

It might be of interest to others, as it would be to myself, if the 
authors could attach any meaning to the fact that the load-extension 
diagrams in Fig. 3 show no jog. I should also like to inquire whether 
it appears reasonable to the authors to suppose that the greater ductility 
of the test-pieces taken from the bottom of the ingot may be due to 
the material they represent having been drastically cooled by the 
bottom plate and then reheated by the hotter metal added later. An 
inspection of the BL and BX tests on p. 264 and a glance at Figs. 15 
and 16 (Plate XX XI.) seem to favour this suggestion. 

Perhaps the authors would reconsider the statement on p. 262, to the 
effect that the amount of non-metallic inclusions is usually greater in 
larger ingots. Whatever slag may be in the molten steel in the ladle 
will be neither increased nor decreased by the size of ingot mould into 
which the steel will flow. Slag is undoubtedly produced as a by-product 
of the casting operation, due to the passage of the fluid steel through 
the atmosphere, and this presumably is roughly proportional to the 
area and period of contact with the atmosphere. But there seems no 
reason to suppose that these variables are greater when casting large 
ingots than when casting small ingots ; it might be supposed that both 
the area and period of contact would be less the larger the ingot cast. 
If the opinion that larger ingots contain more non-metallics is preva- 
lent, might it not be due to the fact that the non-metallics coalesce 
into larger globules in larger ingots because they have more chances 
of doing so? Because the globules are larger they are more easily 
visible, but the gross amount of them is not, therefore, greater. 

So far as one may judge from a small photographic reproduction 
of the sulphur prints taken from the sectioned ingot, the 20-ton block 
of steel is remarkably free from segregates, and it might, I believe, be 
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made still better in this respect by small modifications in the casting 
process. The lines of segregates visible near the top corners in Fig. 5 
(Plate XXVI.) appear to be due to the growth of crystals horizontally 
from the sides of the mould. If this growth can be prevented, as it 
might be, by keeping the edges of the upper surface fluid and leaving 
the centre of the upper surface to take care of itself, then the line 
segregates will be minimised, or may even be practically absent. The 
obvious ideal would be a block whose upper surface contained the 
mass segregates, and that ideal does not appear to be too Utopian. 

Tn addition to its presentation of interesting facts,the paper provokes 
speculation. At what speed ought such an ingot to be cast? My 
first impression is that a high rate of casting would be advisable, 
perhaps the higher the better up to any extreme which could be reached 
by a ladle nozzle of fantastic size. The behaviour of the bottom plate 
might impose limitations in this respect; and, indeed, the condition 
of the bottom plate after repeated use may be one of the graver con- 
cerns of this method of ingot-making. The bottom plate might usefully 
be provided with the usual splash-pot, but it should be free from widely 
spaced cavities or the ingot may suffer from vertical cracks. 

No person associated with the production of large ingots and forgings 
can fail to be interested in the paper; nor can there be two opinions, 
in the minds of unprejudiced persons, about the promising nature of 
the Parsons-Duncan experiment. But it is not unreasonable to inquire 
how the essentials of the process are likely to withstand the wear and 
tear associated with a casting pit. Itis more than likely that difficulties 
will crop up before the twentieth or the fiftieth large ingot has been 
made, and it is to be hoped that after the hundredth large ingot has 
been made the authors will lay before the Institute their accumulated 
experience and wisdom. 


Professor H. C. H. Carpenter, F.R.S. (Hon. Treasurer), wrote : 
The method adopted by the authors for the production of sound steel 
is an extremely interesting one. Although the paper contains an 
account of what is really only one experiment, a considerable measure ~ 
of success has been achieved. The further information given at the 
presentation of the paper as to the second experiment, in which a 
different method of heating the top of the ingot was described, is an 
important further development in the direction of success. 

The authors’ insistence that the heterogeneity of a steel ingot is only 
partially disclosed by the ordinary methods of chemical analysis, since 
the drillings always contain purer metal which dilutes the segregate, 
is thoroughly justified. The method of sulphur printing, which has 
been fully developed by them, undoubtedly gives a truer indication 
of the position and extent of the segregates. 

There is one aspect of the influence of the presence of non-metallic 
impurities in steel which is neither referred to in the paper, nor 
was it mentioned in the verbal discussion, and this point should be 
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emphasised. These impurities act in two distinct ways in causing a 
deterioration of the properties of steel: (1) They themselves constitute 
centres of weakness and really act as voids in the steel ; (2) they cause a 
decarburisation of the steel in their neighbourhood and thus weaken 
the metal. I have myself examined a large rotor which had failed in 
practice, and found that im certain parts the steel had been completely 
decarburised by the non-metallic inclusions present. It had been con- 
verted into what may be regarded as low-grade iron. The fracture 
of the rotor took place preferentially through these areas, which is not 
in the least surprising, since they constituted the weakest part of the 
metal of which it was composed. The harmful effect of non-metallic 
impurities, therefore, is a double one—namely, both physical and 
chemical. 

In conclusion, I should like to emphasise the point that this paper 
provides another illustration of the fact that knowledge gained in one 
industry can often be applied with great advantage in another industry. 


Mr. E. Hovsasr (Seraing, Belgium) wrote: Sir Charles Parsons’ 
process is of special interest. All persons who have had to deal with 
the forging of large ingots have experienced disagreeable surprises due 
to segregation, such as dark streaks and “ ghosts ”’ visible in the polished 
parts, &c., which have resulted from time to time in the scrapping of 
forgings. The Committee on the Heterogeneity of Steel Ingots, as a 
result of their researches, came to the conclusion that segregation was 
unavoidable. The art of the forgeman consists therefore in so making 
use of his ingot that the properties of the finished forging are not 
injured by segregation. 

Sir Charles Parsons’ researches, guided by a peculiar spirit of 
observation, remarkable in that it resolutely leaves on one side the 
routine followed in the past, conclude precisely as to the possibility 
of casting large masses of steel without central segregation, but in so 
doing sacrifice certain facilities of working, important from the forge- 
man’s point of view. The lengthened form of the ingots in general 
use 1s imposed by conditions of handiness in working. It is no rarity 
for the forgeman to insist on a holding tail being tacked on to the 
ingot. The new process takes no account of these forging facilities 
and upsets accepted methods. 

If, however, we remember the extreme importance of avoiding as 
far as possible all heterogeneity in large forgings, it is evident we must 
not hesitate to sacrifice convenience in forging to quality in the material, 
and consequently all processes which may give us increased homo- 
geneity of metal deserve our attention and should be made the subject 
of practical trial. 


Mr. J. N. Kripy (Sheffield) wrote that the most important feature 
of the work was the adoption of a specially shaped mould producing 
an ingot differing greatly in its dimensions from general practice, 
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though the principles were not contrary to already known facts. The 
influence of mould dimension upon pipe and segregate was too well 
known to discuss; suffice it to say, the shorter the ingot and the 
greater its proportional cross-sectional measurement, the less acute the 
V shape of the defective region. It would have been surprising had 
the authors not obtained from their squat ingot a less pronounced 
V-shaped zone than would be the case where tall moulds were used. 

In an endeavour to gauge the value of the proposed method of 
casting steel and the principles advocated, it must first be remembered 
that the experiment was based upon a mass of metal which was almost 
akin to a steel casting. Further, the conditions laid down by the 
authors for preheating the mould to a high temperature and for the 
subsequent prolonged heating of the cast ingot had, along with properties 
of the refractory lining, certain influences upon the mechanical tests 
shown—that was to say, on the ngot—but it did not follow that such 
ingot tests lived to the forging. The tests given were not vastly 
different from those expected from a steel casting of the dimensions 
and analysis given. 

The authors’ contentions regarding the failings of chill ingot moulds 
were hardly sound, until chill ingots, similarly shaped to the one they 
had used, were experimented upon and failed, and also where suitably 
shaped feeder-heads were used on such chill ingots. 

A refractory-lined composition mould of the same dimensions would 
give almost similar results without greatly preheating the mould, or 
heating subsequent to casting ; the authors’ results bore out what was 
known concerning the properties of composition-cast ingots, which 
had been in general use years ago for heavy ingots. 

To revert to the special ingot, the authors admitted that the analyses 
of the samples taken from the varying positions of the section cut from 
the centre of the ingot did not confirm the sulphur and other prints, 
and they assumed that the analyses obtained were of secondary im- 
portance. He did not agree with their view, the more so as they said 
that if judged on analysis alone their ingot only compared with general 
practice. The variations shown were sufficiently great to give much 
food for thought, and if the segregate zone were traced from those 
figures it would be seen to assume a V shape. The figures varied 
between : 


Carbon . : i A : + 0°22 to 0231% 
Sulphur . : ‘ : : . 0:039 ,, 0:050% 
Phosphorus . 5 ‘ ; > 0-047 5, 0-061°5 


The authors might not look upon those variations as serious, but there 
was no doubt that for any high-grade forging they would be fatal. 
He had had much experience recently with special forgings, of analysis 
and physical properties similar to those given in the paper, on which 
central transverse tests of the most searching character were taken. 
Those forgings were made from chill ingots with ample width and 
quality of feeder-head. Most of the transverse tensile test-pieces 
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were in the range 28 to 32 tons breaking strength and 28 to 34 per cent. 
elongation, coupled with good elastic limits and reductions of area. 

The maximum sulphur and phosphorus contents were 0-035 per 
cent., and check analyses were taken from a central position near the 
top of the forging. The forging would have been rejected for slight 
segregate, say, 0-039 per cent., or low elongation ; most certainly the 
authors’ ingot would have failed on analysis alone, unless at least 
30 per cent. were taken from the top of the ingot. 

He asked what discard the authors proposed to cut from the top 
of the ingot, and what weight of steel they would cast on to the ingot 
for engaging the porter bar. Little was said about the base discard, 
so he presumed the authors believed it would be slight. He thought 
they should be prepared for a considerable loss in that direction ; faster 
teeming might help a little, but that did not abolish the necessity for 
a bottom discard. 

The authors said nothing about the possible fluxing of their mould 
lining into the outer inches of the ingot. Undoubtedly a certain 
proportion would be eroded by the heat and action of the steel, 
and become admixed. Would they say how they would repair such 
cutting as would take place after making a few ingots in the same 
mould, and how they would prevent any of the material which they 
might use from dropping into the steel during casting? In aiming at 
a better ingot, the outer inches should not be forgotten ; they were as 
important as the inner portion, both as regards strength of the prods 
and freedom from non-metallic matter. 


Dr. H. Moors, O.B.E. (Research Department, Woolwich), wrote 
that Professor Andrew’s reference to segregation of carbon had led 
him to include a series of carbon estimations in his examination of 
material from the 20-ton ingot described in the paper. A radial slice 
of the ingot had previously been placed at his disposal through the 
kindness of Sir Charles Parsons, Mr. T. M. Service, and the Committee 
on the Heterogeneity of Steel Ingots. A strip, ? in. wide and parallel 
to the vertical axis of the ingot, was cut at a position 21 in. from the 
axis and thus near the position half-way between the axis and the 
outside surface. Shapings were taken from this strip, each sample being 
taken over a vertidal length of 0-5 in. and a thickness of 0:3in. Carbon 
was estimated in duplicate in each sample, very close agreement of the 
duplicates being obtained throughout. The results were as follows : 


Distance from Distance from 


Bottom of Ingot. Sa Bottom of Ingot. ees 
2 (0) They 7/0 
0-0- 0:24 3:-5- 4-0 0:26 
0-5-1-0 0-235 4-5-— 5-0 0-245 
1-0-1:5 0-235 5:-5- 6:0 0:24 
1:5-2-0 0-24 8:-5- 9-0 0:23 
2-0-2°5 0: 255 11-5-12-0 0-255 
2-5-3-0 0-255 14-5-15-0 0: 255 


ha a a 
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These figures gave no support to the suggestion that “at the 
bottom of the ingot the whole mass was almost pure ferrite.” They 
pointed, indeed, to a remarkable uniformity of carbon content over a 
distance of 15 in., measured in the direction of solidification and of 
crystal growth, from the bottom surface at which solidification began. 
The strip had been examined microscopically throughout its length; the 
indications of its structure agreed with those of the analyses. So far 
as they went, these results suggested that the slow uni-directional freezing 
sought in the authors’ process of casting ingots was no more likely to 
produce excessive carbon segregation than the methods in general use. 

He (Dr. Moore) had regarded the ingot described in the paper as 
an extremely interesting experiment rather than an example of a 
practical method of manufacture. He had shared the doubts expressed 
by Dr. Hatfield and others as to the practical utility of the process. 
For hollow forgings of the type in which he (Dr. Moore) was specially 
interested, the axis of the ingot, which was removed in the course of 
the further operations, was probably the least objectionable location 
of unavoidable segregation and unsoundness. He had, however, been 
much impressed by the arguments and additional information put 
forward by Mr. Duncan, and he looked forward with the greatest 
interest to the further trials of the authors’ process. 


The AurHors wrote thanking all those who had taken part in the 
discussion at London, Glasgow, and Sheffield, and for the valuable 
criticism and encouragement which had been given, and saying how 
gratified they were at the interest taken in their method. 

Mr. Service, in speaking about non-metallic inclusions in the 
authors’ ingot, said: ‘“‘It might be supposed that owing to the long 
time the ingot took to become solid—l4 hr.—a certain proportion of 
those inclusions would rise to the surface, but that did not appear 
to occur to any great extent. (See Figs. 10 and 12, Plate XXX. ; 
Figs. 16 and 17, Plate XXXI.; and Fig. 21, Plate XXXIV.).” 
Figs. 10 and 12 were taken from the segregated zone at the top of the 
ingot, and Figs. 16, 17, and 21 from scum lines, which the authors 
considered were trapped in the ingot owing to the very slow speed of 
pouring. No evidence had been produced up to the present as to the 
quantity of non-metallics in the new ingot, but Mr. Howarth had 
kindly promised to investigate that point. Until evidence was forth- 
coming to the contrary, the authors considered it reasonable to expect 
that the amount of non-metallics should be less, since the cooling 
proceeded slowly from the bottom upwards, thus enabling the particles 
to coalesce and rise to the surface by virtue of their lower specific 
gravity. : 

Dr. Rosenhain had asked, “ What was the justification for the 
scientific idea at the base of the experiment, that an ingot, in order 
to be satisfactory, should be solidified from the bottom upwards ?” 
He further said that ‘“ perhaps the idea at the back of the authors’ 
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minds was that the junctions of crystals were in themselves sources 
of weakness,” and further pointed out that “such an idea was 
inherently a fallacy.” While thanking Dr. Rosenhain, the authors 
wished to disclaim all responsibility for such an idea. 

As stated on p. 256, the authors’ method of overcoming segregation 
and axial unsoundness was based on the principle that the freezing of 
the ingot should proceed from the bottom upwards, the isothermals 
being substantially parallel to the bottom of the ingot, and it was 
thought that the growing crystals would push the less pure liquid 
containing the segregates in front of them, so that they would even- 
tually reach the surface of the ingot instead of being trapped and 
forming the A-segregates, as found in the ordinary ingot; as 
Mr. Brearley wrote in his contribution, ““ An obvious ideal would be 
a block whose upper surface contained a mass of segregates, and that 
ideal does not appear to be too Utopian.” 

The authors noted that Dr. Rosenhain did not think the changes 
in the distribution of segregates which they had obtained by their 
method were really so very striking, and they assumed that he based 
that conclusion on an examination of the analyses obtained from 
different parts of the ingot. They would suggest that a truer indi- 
cation of the distribution of the segregates would be obtained by 
an examination of the sulphur print, Fig. 5 (Plate XXVI.), which 
showed to anyone familiar with the appearance of sections cut from 
large masses of steel a very striking change in the distribution of the 
segregates. The authors were quite familiar with the successful work 
on the elimination of gas from solidifying metal which had been 
carried out in the laboratory with which Dr. Rosenhain was connected, 
and had experimented with that method in their own foundry. The 
authors agreed with Dr. Rosenhain that the new method of casting 
steel would certainly tend towards the elimination of gas, but they 
could not agree that that mainly accounted for the striking mecha- 
nical tests obtained from the centres of discs forged from an ingot 
made by their method. If the slow cooling produced a very coarse 
crystal structure, which Dr. Rosenhain thought was perhaps in many 
respects its most serious disadvantage, how did he account for the 
excellent mechanical properties of the forged ingot, bearing in mind 
that those tests were taken in three directions ? 

With regard to the other disadvantage mentioned by Dr. Rosenhain 
—namely, the formation of a crust on the surface of the metal as it 
rose in the mould—the authors considered that that was due to the 
mould being filled at too slow a rate; as stated on p. 262, ‘‘ A 3-ton 
ingot, 3 ft. in diam., cast with the same size nozzle, namely, 1} in. in 
diam., was found to be entirely free from these defects,’ and, further- 
more, the difficulty of securing a steady rise of crust on ingots cast 
by the authors’ method should be no greater than when casting ingots 
in the ordinary way, as many of those ingots were as large in diameter 
as the authors’ ingot. 

They were interested in Dr. Rosenhain’s alternative method of 
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obtaining sound steel, but they thought that the practical difficulties 
which would be encountered in carrying out his method were very 
much greater than in the method proposed by them, since, after 
casting five 20-ton ingots by their method, they had found that there 
were no practical difficulties whatever. 

The authors thanked Mr. McDonald for his comments regarding 
the white lines or bands shown on the sulphur print, Fig. 5. There 
had been a certain amount of misunderstanding regarding those white 
bands, and the authors wished to state definitely that the non-metallic 
inclusions referred to in the paper and in the discussion at London 
were not found in the white bands, but only in the dark lines, which 
the authors considered to be scum lines. 

With regard to Mr. Hamilton’s difficulty concerning the discard of 
the segregate at the top of the ingot, it must be remembered that the 
discard would only be cut off after the ingot had been forged, in which 
case the process would be similar to that in use at the present time, 
where, after the ingot was forged, a certain percentage was cut off 
from the top and bottom. 

The authors thanked Mr. Saniter for banishing Dr. Hatfield’s fears 
concerning the danger of sand or dirt getting into an ingot from the 
brick lining of the mould. They were glad to note that he considered 
the authors’ method might help in carrying the non-metallic inclusions 
to the top, and they would ask him to keep an open mind on that 
question until Mr. Howarth had completed his examination and 
proved whether there were more non-metallic inclusions, or less, in 
the authors’ ingot. 

The authors thanked Mr. Munro for his kind remarks, and noted 
that in large hollow forgings a 21- to 27-in. core was removed. They 
agreed that that would remove all the central weakness, but could 
not agree that the secondary segregation which was left in the walls 
of the forging was not affected by any of the processes for which the 
final forging was used, though that was probably so in the case of the 
special forgings which Mr. Munro had in mind. They quite agreed 
that it was doubtful if there were a press in Great Britain which 
could forge an ingot 16 ft. in diam., though no doubt if the demand 
arose for such ingots the presses would be forthcoming. They were 
available in Continental steelworks. The authors thought that the 
bar would have to be sunk about 15 in. to ensure the handling of the 
ingot with safety, and they agreed that that would affect the amount 
of discard, but probably one would be quite satisfied to obtain a sound 
ingot with such a small discard. 

With regard to forging a short large-diameter ingot, the authors 
considered there was a definite relationship between the diameter and 
length of the ingot and the size of the press, and if that relationship 
were observed, no difficulty would be experienced during forging. 

They were pleased to note that Mr. Munro considered their type of 
ingot would be suitable for small hollow forgings, and that he would 
be prepared to accept forgings which otherwise met his specifications, 
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The authors thanked Mr. Russell for his remarks, and noted that 
he agreed that the authors’ was the ideal method. With regard to 
Dr. Oertel’s experiments, they thought that steel-makers would 
hesitate to cast 20-ton ingots in water-cooled moulds, and while they 
agreed that very good results would be obtained if the whole ingot 
could be made to solidify instantaneously, they did not think that an 
ingot of large cross-section, cast in a water-cooled mould, would be 
free from segregation, since it would not be possible to prevent differ- 
ential freezing of the centre. 

The authors thanked Mr. Howarth for his promise to examine 
sections taken from their ingot for non-metallic inclusions; they 
would await his report with great interest. They assured him that 
there were no blowholes in the bottom of the ingot, and nothing 
which would necessitate a large discard from that end of the ingot. 

The authors thanked Professor Desch, and wished to state once 
more that the horizontal white lines did not contain an unusually 
large proportion of non-metallic inclusions. They could assure him 
that their method of casting steel did not bring with it a liability to 
greater internal stress, and to anyone familiar with the casting of 
large ingots, the tear which occurred in the first ingot was readily 
understandable. 

The authors thanked Professor Benedicks and Mr. Lofquist for 
their interesting contribution, and desired to say that they did not 
adopt the reversed cone type because of the difficulty of stripping ; 
they thought that if the heating of the top was properly carried out, 
casting the big end up would not be necessary. They noted that 
Professor Benedicks referred to the occurrence of the well-marked 
transverse bands; if he was referring to the white bands shown in 
Fig. 5, it was not correct to say that they contained oxides, though 
they were certainly lower in carbon, sulphur, and phosphorus. The 
bands containing oxides were well illustrated in Fig. 8 at position F 
(see Fig. 7), and an examination of them in the ingot would, the authors 
felt satisfied, leave no doubt that they were scum lines; they were 
entirely absent in the 3-ton ingot, which was poured at a propor- 
tionately much faster rate. They noticed that very soon after pouring 
commenced, the mould was filled with gases escaping from the steel, 
which made their escape through the holes in the cover, and they con- 
sidered the remainder of the pouring was conducted in a reducing 
atmosphere provided by the escaping gases. They agreed that those 
oxide particles would give rise to a reduction of the carbon and account 
for the presence of surrounding ferrite. 

They thanked Mr. Brearley for his very interesting contribution. 
They considered that the absence of jog or kink in the load-extension 
diagrams in Fig. 3 was a proof that the material was in a state of 
strain; the curves were similar to those which would be obtained 
from a piece of cold-worked steel. Further proof of that was shown 
by Professor Andrew in his Figs. K, L, and M, where the ferrite and 
pearlite were considerably distorted. They thought that Mr. Brearley’s 
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explanation of the greater ductility of the test-pieces taken from the 
bottom of the ingot was probably correct. They also agreed with 
Mr. Brearley that the statement on p. 262, to the effect that the 
amount of non-metallic inclusions was usually greater in larger ingots, 
required reconsidering, and they accepted his explanation that the 
amount of non-metallic inclusions was usually the same, whatever the 
size of ingot. They agreed that the heat should be concentrated on 
the edges of the upper surface, leaving the centre of the upper surface 
to take care of itself, and that was done in the second 20-ton ingot 
cast by the authors’ method. They were also in agreement with him 
that a high rate of casting would be advisable. With regard to the 
condition of the bottom plate after casting, that was quite easily 
renewed, as it was only in the nature of a protective plate for the 
large chill block of metal underneath. The authors would certainly lay 
before the Institute their experience after the hundredth large ingot 
had been cast. 

The authors thanked Professor Carpenter for his interesting con- 
tribution, and for emphasising in two distinct ways the action of 
non-metallic impurities in causing the deterioration of the properties 
of steel. 

They welcomed the contribution of Mr. Houbaer, and could confirm 
his experience with segregation in large forgings. Mr. Houbaer would 
note that in the second ingot cast by the authors’ method the holding 
tail was tacked on to the ingot to give increased facility in forging. 
They were pleased to note that Mr. Houbaer realised the extreme 
importance of avoiding as far as possible all heterogeneity in large 
forgings, and considered the authors’ method worthy of attention and 
a practical trial. 

The authors thanked Mr. Kilby for his contribution, and gathered 
that he considered that the failings of chilled ingot moulds might 
disappear if they were similarly shaped to the one the authors had 
used; although that was possible, the authors did not think it was 
probable, on account of the chilling which would take place from the 
sides of the mould. They also noted that he considered preheating 
the mould and heating subsequent to casting were unnecessary, and 
from their experience with the 3-ton ingot they were inclined to agree 
that it was not necessary greatly to preheat the mould; but they 
thought that radiation from the top, especially at the sides, must be 
prevented, otherwise crystal growth would take place at the top and 
trap the segregates in the central portion. Mr. Kilby was not correct 
in stating that the authors assumed that the analyses obtained were 
of secondary importance; they said that in their opinion sulphur- 
printing gave a truer indication of the harmful segregates than analysis, 
and they noted that Professor Carpenter and Mr. Brearley confirmed 
that view. An examination of the results obtained across the segre- 
gate (Table II.) would make it clear why the authors considered 
segregates harmful. It should be stated that the segregate referred 
to in Table II. ran approximately parallel to the shape of the finished 
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forging, and was located between the central axis and the outside at 
a distance of about 9 in. from the outside of the forging at its largest 
diameter. Mr. Kilby stated that the variations found in the authors’ 
ingot would be fatal for any high-grade forgings, but if he would refer 
to the First Report of the Heterogeneity Committee, he would find 
that similar variations in analyses were present in all the ingots 
examined, and those ingots represented the highest grades which 
could be obtained. The authors thought that when he wrote his 
contribution Mr. Kilby was probably not aware of the excellent 
mechanical tests which had been obtained from discs forged from a 
20-ton ingot cast by their method, and, speaking from many years’ 
experience of similar tests from discs cast by the ordinary method, 
the authors could assure him that the tests obtained from their ingot 
were very much better than could be obtained from discs forged from 
steel cast in the ordinary way. With regard to the amount of discard. 
from the top of the ingot, the authors would remind Mr. Kilby that 
in the manufacture of turbine forgings many steel-makers used only 
50 per cent. of the ingot, and the forging still contained axial weak- 
ness and the A-segregates. With regard to the bottom discard, they 
referred him to the very thorough examination to which a portion of 
that had been subjected by Dr. Moore, concerning which he referred 
to the remarkable uniformity of the carbon content for a distance of 
15 in. from the bottom surface upwards. The authors would not 
expect any greater fluxing of their mould lining than took place in the 
ordinary ladle, and such erosion as did take place would be repaired 
in the same way as the ordinary ladle was repaired. They could 
assure him that they were not forgetting the outer inches, and so far 
these had been entirely satisfactory. 

The authors were much obliged to Dr. Moore for his very thorough 
examination of a vertical strip, # in. wide, extending from the bottom 
of the ingot upwards to a distance of 15 in., and noted that a micro- 
scopical examination of that strip confirmed the analyses which he 
had obtained, and indicated a remarkable uniformity of carbon content 
over that area. They wished to assure Dr. Moore that as the result 
of having cast five ingots by their method, they considered it to be 
decidedly a practical method of manufacture, and they would draw 
his attention to the fact that, although in hollow forgings of the type 
in which he was specially interested the axis of the ingot was removed, 
there still remained the A-segregates, which were areas lacking in 
ductility, as indicated by the mechanical tests in Table II. 

The authors would be pleased to grant facilities to all those 
interested, to examine the sectioned ingot or the casting and forging 
of further ingots. 

In conclusion, the authors wished to direct attention to 
Mr. Service’s contribution to the discussion, as they considered that 
he stated, in the fewest possible words, the existing drawbacks of 
large forgings and the extent to which he considered the authors’ 
method overcame them. 


THIRD REPORT ON THE HETEROGENEITY 
OF STEEL INGOTS. 


By a COMMITTEE or rue [Ron anv Steet Instirure. 


SECTION I.—Intrropucrtton. 


Tue work of the Committee on the Heterogeneity of Steel Ingots 
ig continuing without intermission, and this, its Third Report, 
is now presented to the Institute. 

The First Report + was exploratory in character, and dealt 
with the nature and manner of the heterogeneity disclosed in 
the examination of sixteen carbon steel ingots of the solid type, 
the weights ranging from 143 cwt. to 172 tons. A general dis- 
cussion of the data was presented, and tentative explanations of 
the phenomena observed were recorded. 

The Second Report ? contained the results of the examination 
of seven alloy steel ingots of weights ranging from 15 ewt. to 
119 tons, and of nine carbon steel ingots of types differing from 
those dealt with in the earlier Report. The subject of the design 
of ingot moulds was also considered, and a tentative analysis of 
the considerations governing mould design was put forward. 

Several interesting further investigations undertaken by 
the Committee are in hand, and the results will be given in 
subsequent Reports. This, the Third Report of the Committee, 
however, is different in character from the preceding ones. 
Whereas the earlier Reports were records of the collective work 
of the members of the Committee and statements of collective 
views, the present Report consists of sections devoted to researches 
into fundamental matters. As recorded in the previous Reports, 
the Committee was able, through the financial resources of the 
Iron and Steel Institute, to invite competent investigators to 
work upon some of the questions requiring elucidation. Some of 
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the work undertaken in this way has reached a stage at which 
it may suitably be reported to the Institute. The investigators 
are solely responsible for the accounts of their work, which form 
the following sections of the present Report, and for the deductions 
they have drawn. The Committee hopes subsequently to make 
use of the data which are thus being gradually accumulated, 
interpreting the experimental results as its discussions may 
determine, but considers it important in the first place to put 
forward the individual reports and views of the investigators 
themselves. 
This present Report consists of : 


Section I.—Introduction. 


Szotion IJ.—‘‘ The Liquidus and Solidus Ranges of Some 
Commercial Steels,” by J. H. Andrew, D.Se., and David 
Binnie; B.Sc., Ph.D., A.R.T.C. 


Section III.—*‘ The Solubility of Iron and Manganese Sulphides 
in Steel,” by J. H. Andrew, D.Se., and David Binnie, 
Bisc PhD. ARC: 


Suction I1V.—‘‘ Interim Report on the Density of Molten Steel,” 
by C. H. Desch, F'.R.8., and B. 8. Smith, M.Met. 


Section V.—‘‘ The Effect of Latent Heat on the Solidification 
of Steel Ingots,” by N. M. H. Lightfoot, M.A. 


In Section II. will be found the Report by Professor Andrew 
and Dr. Binnie on the liquidus and solidus ranges of some com- 
mercial steels. These steels, covering a wide range of carbon 
and alloy steels, were supplied by members of the Committee, 
together with the analyses. The analyses were then care- 
fully checked under Dr. Moore’s supervision at the Research 
Department, Woolwich. It will be seen that the selection of 
steels was such that the data had immediate application to the 
problems under consideration by the Committee. The number 
of steels is being extended still further, and it is hoped that this 
investigation will finally cover most of the industrial steels. The 
object of the authors was to determine the temperatures at which 
freezing commenced and finished in steels of these various com- 
positions. As pointed out in the earlier Reports, knowledge of 
the range of temperature over which the freezing takes place is 


a 
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of fundamental importance, not only as regards the light which 
it throws upon the production of heterogeneity and the provision 
of optimum casting temperatures, but also because of its value 
in assisting in determining the upper limit of temperatures which 
may be attained in reheating steel for hot-work, since such data 
enable limiting values for working temperatures to be set well 
below those at which partial fusion of the steel takes place. 
Professor Andrew and Dr. Binnie have approached the subject 
experimentally, in a manner which is technically satisfactory 
from the point of view of the use of thermal data for the purpose 
in mind. The temperature of the commencement of freezing 
of each steel studied is clearly indicated, whilst the authors 


also claim to mark out the whole range of temperature during 


which the differential freezing effect takes place. Their experi- 
mental methods are described, and the authors make interest- 
ing deductions concerning the effect of composition, and also 
concerning the application of the data they have obtained to the 
problem of ingot manufacture. 

In Section III. will be found an interesting treatment of the 
problem of the solubility of iron and manganese sulphides in 
steel, also by Professor Andrew and Dr. Binnie. This subject 
the Committee realises to be an extremely difficult one for experi- 
mental treatment. The report of the work will, no doubt, be 
read with much interest by those who are studying this subject. 
The method of attack consisted of melting pure iron with sulphur, 
manganese being added as manganese metal when required. The 
alloys produced were studied by the thermal method and also 
by the microscope. It is realised both by the investigators 
and by the Committee that the work is necessarily more or less 
of a qualitative type, but it is, undoubtedly, a valuable contri- 
bution to this subject. 

Section IV. is a report by Professor Desch and Mr. Smith 
upon the interesting problem which they undertook to deal with 
—namely, the changes in density occurring in steel in the neigh- 
bourhood of the freezing point. It will be clear from a survey 
of this section that the authors are dealing with a problem of 
great experimental difficulty. The Committee feels that an 
account of their apparatus and methods will be of value to 
investigators in this field. The data so far obtained should only 


308 THIRD REPORT ON THE HETEROGENBITY OF STEEL INGOTS. 


be looked upon as preliminary values, since the work is being 
carried forward with a view to improving the refinement of the 
experimental methods. The Committee regards the final deter- 
mination of the density of steels in this range of temperature as 
being of the most fundamental importance when considering the 
mechanism of freezing. 

In Section V. the Committee presents a study by Mr. Light- 
foot, in which, by mathematical treatment, he has endeavoured 
to give some indication of the effect of latent heat on the solidifica- 
tion of steel ingots. The subject of freezing has been treated by 
previous theoretical investigators, but the effect of latent heat 
has not hitherto been treated on precisely the same lines. It will 
be seen from a study of Mr. Lightfoot’s contribution that three 
hypothetical cases have been considered, which help one, in the 
first place, to visualise the progress of the rate of freezing at the 
outer wall, and, secondly, to obtain an idea of the conditions 
that apply towards the latter stages of freezing at the centre of 
the ingot. 

Whilst mention is being made of this last section, the Com- 
mittee would like to take the opportunity of emphasising the 
importance of mathematical analysis in regard to the study of 
ingot production. There are so many aspects of the matter 
which will remain extremely difficult to deal with experimentally, 
but on which much light can be thrown in this manner. For 
instance, a study might be made of the separation of the ingot 
from the wall of the mould, since this is clearly a function 
of the strength of the initial freezing shell to resist the internal 
pressure. An endeavour might be made to approach this sub- 
ject from the angle of the mechanical and physical properties of 
the shell and the actual stress imposed by the liquid metal at the 
critical moment. ‘The effect of the separation of the ingot from 
the wall of the mould has previously been postulated by the 
Committee as a point deserving serious consideration, and, in- 
cidentally, it will be clear that the separation, occurring along 
the length of the ingot at different times, probably has its 
effect upon the manner of freezing. The Committee has in mind 
numerous other cases of a similar nature which it is proposed to 
investigate by this method of attack. 

In presenting this Report, the Committee would like to take 


- 
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this opportunity of thanking the authors for their reports, and 
also the Council of the Iron and Steel Institute for the substan- 
tial financial assistance which has permitted the experimental 
work to be carried out. 

It is much to be desired that the four several sections of the 
Report should receive full discussion on presentation, since it 
is felt that the investigators engaged upon such fundamental 
problems should have the full advantage of the views of everyone 
interested. 


SECTION II.—Txe Lieuipus anv Sonipus Ranass oF 
Some CoMMERCIAL STEELS. 


By Professor J. H. AnpREw, D.Sc., and Davip Binnie, B.Sc., 
Ph.D., A.R.T.C. (Carnegie Scholar) (Glasgow). 


Introduction. 


Tue freezing ranges of the iron-carbon system have been 
determined completely by Carpenter and Keeling,! and partly 
by Ruer and Klesper,? whilst the solidus has been further in- 
vestigated by Japanese workers.? 

The methods employed for determining the solidus have been 
micro-analysis of quenched specimens, variation in electrical resist- 
ance on passing through the solidus, and magnetic analysis. So 
far as the authors are aware, in no case has the thermal method 
been used to detect the solidus. 

An experimental measurement of the liquidus of the iron- 
carbon system is a comparatively simple matter. All that is 
necessary is to melt the sample, insert a thermocouple in the 
molten material, which allows of a time-temperature record to 
be made, and finally to analyse the sample when cold. 

The difficulty of carrying out measurements upon steels of 
predetermined analysis lies in the fact that a variation of the 
carbon content, usually a loss, is almost certain to occur, whether 
the melting be done in air or in vacuo. The effect of this loss of 


1 Journal of the Iron and Steel Institute, 1904, No. I. p. 224. 

2 Ferrum, 1913-14, vol. xi. p. 257. : ; : 

3 §. Kaya, Science Reports of the Téhoku Imperial University, 1925, vol. xiv. 
p- 529; K. Honda and H. Endé, ibid., 1927, vol. xvi. p. 230. 
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carbon greatly militates against the value of the results, for as 
it is not definitely known at what period of heating or melting 
the loss may have taken place, it cannot, therefore, be concluded 
that the freezing-point value obtained is representative of the 
composition revealed by the analysis of the melted material. 


Method of Investigation. 


At the outset, three main problems presented themselves : 
(1) Type and design of furnace to be employed ; (2) metals or 


Gas Outlet 
Gas Inlet 


Jo Electric Main 
To Electric Main 


’ INSULATING MATERIAL ~ 
ae LE = - — = 
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alloys to be used as thermocouples ; and (8) method of measuring 
the change in phases with temperature. 

Type of Furnace.—In view of the high temperatures involved, 
and having regard to the facilities available, it was decided to 
use a molybdenum wire-wound furnace. On account of the 
creater uniformity of heating in a horizontal, as compared with 
a vertical type of furnace, the former was decided upon, and one 
was designed and constructed in the Department (see Fig. 1, A). 

A molybdenum furnace requires a reducing or neutral atmos- 
phere surrounding the heated wire; this was provided for by 
cracking ammonia. ‘he cracking train consisted of a large flask 
for boiling ammonia (sp. gr., 0-880), and five cracking tubes of 
~ Morganite material connected in series, all filled with iron turnings 
and heated to a temperature of 600° C. by means of a nichrome- 
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wound furnace in which they were encased. Between the boiling 
flask and the cracking tubes was placed a mercury seal which 
acted as a safety trap, as may be seen in Fig. 2, which illustrates 
the whole apparatus. ‘he mixed gases were then led through 
a special form of wash-bottle, shown in Fig. 3, designed to supply 
a continuous stream of fresh water for washing the gas, in order 
to remove as far as possible any undecomposed ammonia carried 
over with the gas stream. The gas was then dried by passing 
it through bubblers containing sulphuric acid, and towers con- 
taining calcium chloride ; thence it was led to the furnace. 

In the first instance, the heat insulator used for the molyb- 
denum furnace was kieselguhr, but this was found to slag badly 
with the alundum tube forming the outer jacket of the annular 
space, which was necessary in order to be able to maintain a 
hydrogen and nitrogen atmosphere around the winding. LHven- 
tually, a thick layer of ground alundum (obtained by grind- 
ing up old tubes previously used in the furnace) was placed 
immediately around the sleeve tube, and the remaining space 
was filled up with coarsely ground Silacine, kindly presented by 
Professor Campion. The refractory tubes used throughout were 
made by coating an iron former, on which were wrapped two or 
three layers of brown paper, with a moistened alundum mixture, 
consisting of 90 per cent. of coarse grade and 10 per cent. of fine 
grade. After drying and roughly filing to shape, the tubes were 
heated with the former to 400° C., in order to burn the paper, 
and so permit the removal of the tube from its former. After 
rubbing down to shape with sand-paper, the tube was finally 
baked at 1000° C. The tubes made in this manner proved to 
be excellent in every way, with respect to both the absence of 
cracking and to their ability to withstand the highest tempera- 
tures employed. 

Prior to starting a run of the furnace, a copious flow of gas 
was allowed to pass through for about half an hour, in order to 
expel all air. This supply could be cut down considerably during 
running and during the period of cooling. 

The direct current for operating the furnace was taken from 
the 250-v. mains, 17 amp. being sufficient to maintain the 
furnace at a temperature of 1550° C. About 2 hr. were required 
to heat the furnace from cold to 1500° C. For the purpose 
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of obtaining a sufficiently slow rate of cooling when taking a 
freezing-point determination, a current of 10 amp. was allowed 
to flow in the circuit. 

Thermocouple—On account of the reducing atmosphere 


sas Tae) (e t 
Gas Inlet Gas Outlet 


jet | Water Spray 


within the furnace, a platinum/platinum-alloy couple was out of 
the question. A couple made up of tungsten and molybdenum 
wires was found to be eminently satisfactory, and was used 
throughout the work. The tungsten and molybdenum wires 
purchased from the Tungsten Manufacturing Company were 
0-4 mm. and 0-88 mm. in diam. respectively. A thicker tungsten 
wire than this was found to be too brittle. The thermo-junction 
was made by tightly twisting the molybdenum wire around the 
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tungsten wire. The e.m.f./temperature relationship conformed 
to a parabola, satisfying at all temperatures within which the 
couple was used the equation Y = CX*. Calibration was effected 
by comparison with a platinum/platinum-rhodium couple for 
temperatures below 1200° C., and from this section of the curve 
the equation was derived. This gave 1537° C. as the melting 
point of Armco iron (determined experimentally), the value 
proposed by Professor Carpenter. In all, three separate couples 
were used, and, whilst differing from one another with respect 
to their actual temperature/e.m.f. relations, they all conformed 
to the parabolic equation. 

Method of Measuring Phase Changes.—In view of the prevalent 
assumption that thermal curves do not give a definite indication 
of the solidus, it was decided to employ electrical-resistance/ 
temperature measurements. The procedure was as follows: 
The steel sample, in the form of a thin strip, was cut from the 
section provided ; it was placed in an alundum boat about 10 cm. 
in length, 8 mm. in internal diam., and 4 mm. indepth. A hole 
was drilled in the centre of the specimen for the insertion of a 
thermocouple. The method of insulating the couple here 
adopted, and adhered to in the thermal measurements to be 
described later, was to thread the couple through a thin-walled 
capillary tube of transparent silica, the end at the centre of the 
specimen being luted up with alundum. In no ease did the silica 
show signs at the end of a determination of having been fused. 
Holes were drilled at each end of the specimen for the insertion 
of the current leads, and two further holes, about 5 cm. apart 
and equidistant from the ends, for the p.d. connections. The 
current leads and p.d. wires were of bare tungsten ; it was found 
that, provided these wires were at least 1 mm. in diam., they 
neither melted nor broke during a determination. The bare 
wires, moreover, ensured metallic contact with the steel, provided 
the boat was maintained in a horizontal position. In the first 
few experiments the metal tended to flow and sink in the boat, 
breaking contact with the wires, but this was overcome by luting 
every space between the specimen and the boat with alundum, 
and covering the whole with the same material. By this meang 
the contour of the specimen was fixed, and determined entirely 
by that of the boat in which it lay. he fall in potential and 
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thermal e.m.f. were measured on separate Tinsley vernier poten- 
tiometers, each working in conjunction with a separate Tinsley 
galvanometer. The current was likewise measured by one of 
these instruments by working with a shunt. 

On taking a temperature-resistance curve of Armco iron, as 
a means of tryimg out the method, two sources of trouble became 
evident. TVuirst, it was found that at temperatures above 1400° C. 
the thermocouple gave different readings, according to whether 
the current was passing through the furnace or not. Secondly, 
the length of the boat was greater than that of the zone of con- 
stant temperature within the furnace. The second difficulty was 
overcome by decreasing the length of the boat, and with it that 
of the specimen, but the changes in resistance registered by the 
shortened specimen as it passed through a phase change were 
so small as to make the method useless. The difficulty with 
the thermocouple was overcome by momentarily cutting off the 
current immediately before taking a reading of the p.d. system, but 
this was unsatisfactory, since the temperatures at which readings 
were taken were arbitrary, and could not be predetermined. 

Upon taking a thermal curve of Armco iron with the current 
off, the time interval at the freezing temperature and at the 
d-y change was so large, due to the high sensitivity of the 
couple, that it was decided to rely upon thermal determinations 
as a method of investigation. The simplicity of this method as 
compared with the resistance method was marked. In the first 
place, only one potentiometer was necessary, and, secondly, 
instead of being beset with the difficulty of arranging for six 
separate wires to pass out of the furnace tube, and to insulate 
them from one another, with the thermal method but two wires 
were required. 

The impossibility of obtaining a true temperature reading at 
temperatures above, 1400° C. with the current flowing through 
the furnace, applied equally to the thermal and resistance method, 
and a very considerable time was taken in overcoming this 
difficulty. It was concluded, in the first instance, that electrical 
leakage from the furnace to the couple was the cause, alundum 
being known to conduct slightly at very high temperatures. To 
obviate this an inner tube of alundum was constructed, with 
flanged ends, as shown in Fig. 1, B; it was placed inside the 
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heating tube of the furnace, and it is clear that contact between 
the two tubes could only occur at the cold ends. The specimen 
for the thermal determination, measuring roughly 4 x 1 x 1 cm., 
was completely encased in alundum and placed at the centre 
of this tube. This departure, however, had not the slightest 
effect, the thermocouple trouble being in no way mitigated. The 
only feasible explanation was that the cause of the trouble lay 
in the stream of thermions emitted by the molybdenum heating 
unit at the higher temperatures. 

With this in view, the obvious method of attack was derived 
from a consideration of a thermionic valve, and consisted in 
placing a grid between the heating unit and the specimen. ‘The 
erid as first constructed consisted of a short flanged tube, as 
shown in Vig. 1, B, around which were wound a few turns of 
molybdenum wire. The ends of this wire were earthed. ‘The 
trouble, however, still persisted, and no improvement was 
obtained by charging the grid to various positive or negative 
potentials. After a large number of experiments had been 
performed, the trouble was eventually overcome by constructing 
the grid in the followmg manner: A tube similar to but shorter 
than that already described was prepared, and along its length 
were placed 8 lengths of molybdenum wire. These were bound 
at both ends by means of nichrome wire, and at the centre by 
one strand of molybdenum wire. The grid was completely 
insulated from all outside sources. At the high temperatures 
the grid was subjected to the thermions emanating from the 
molybdenum heating unit, and thus became charged to a definite 
potential. As the grid was insulated there could be no flow of 
current, but a back-e.m.f. was generated by the grid itself. Care 
was needed to see that no part of the grid came into contact 
with the conducting part of the tube, 1.e. the heated portion. 
For this reason the grid was kept as short as possible to prevent 
sagging in the centre when it became heated. Eventually, it 
was found that if the flanged end of the grid lay in the heated 
_ zone, the other (cold) end could touch the furnace tube, pro- 
vided that contact was made at a point beyond the winding 
of the heating unit. Further, it was found that to be effective 
the wires must lie along the tube ; a coiled wire did not produce 
the desired result. 
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The grid deteriorated with use ; whilst a grid would usually 
last for as many as six or seven heats, in some cases a replace- 
ment was necessary after two or three heats. Any slight oxida- 
tion of the grid wire, caused by its removal from the furnace 
before it was sufficiently cool, destroyed its effectiveness, on 
account, it is thought, of the oxide acting,as an insulator, and 
thereby decreasing its power of dealing with the thermions. 

The grid constructed in this manner completely avoided all 
trouble from the heating circuit; it made not the slightest 
difference to the temperature readings whether the current were 
flowing through the furnace or not. 

Having overcome this difficulty (which would not have arisen 
had alternating current been available), an excellent melting and 
freezing curve of Armco iron was obtained. On experimenting 
with steels, it was found that, no matter what the original carbon 
content was, in every case curves similar in all respects to the 
Armco iron curve were obtained. A micro-examination showed 
a total absence of carbon in the remelted specimens. That 
hydrogen is an effective decarburiser is well known, but in view 
of the rapid dissociation of most hydrocarbon gases at high 
temperatures, whilst a slight loss of carbon was expected, its 
complete elimination was unexpected. It would thus appear 
that although the I< value of the reaction 


«C0 + yH, = hydrocarbon 


may be low, the rate of reaction from left to right must be extra- 
ordinarily rapid. 

The possibility of the alundum crucible reacting with the 
carbon in the steel was suggested by the work of Jordan and 
Eckman.! Accordingly, alundum crucibles lmed with shrunk 
magnesia, and bubbling the mixed hydrogen and nitrogen gas 
through volatile oils were tried, but the results were the same. 
As hydrogen seemed to be responsible for the decarburisation, 
nitrogen taken from a cylinder was tried. This was deoxidised 
by passing it through the same cracking train as was used for 
ammonia, only in this case the temperature was allowed to attain 
1000° C.; as a further precaution the purified gas was passed 
through two bottles containing pyrogallol, and thence through 


1 U.S. Bureau of Standards Scientific Paper No. 514, 1925. 
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the usual drying agents. Whilst the results showed some slight 
improvement, a considerable loss of carbon occurred, due, it was 
thought in this case, to water vapour. ‘To correct this, two 
bottles containing phosphorus pentoxide were placed in the 
circuit, but with no improvement. Further, under these con- 
ditions the furnace windings gave way every two or three heats, 
and the alundum slagged badly with the insulating material. 
Arranging the furnace vertically, in order to be certain that no 
stagnant moisture existed around the specimen or the winding, 
was tried, but was of no avail. 

After much experimenting, the difficulty was completely 
solved in the following manner: Crucibles of carborundum sand 
were moulded to shape by means of a wooden pattern; they 
were then dried, and baked. After grinding externally to size, 
they were lined with a thick coating of alundum, and again dried. 
The specimen, of roughly circular section, 4 cm. long and about 
1 cm. in diam., containing a hole in the centre for the insertion 
of the thermocouple, was placed in the crucible. All spaces 
between the bottom and sides of the specimen and the crucible 
were filled in with alundum, and an alundum coating was placed 
over the top. Finally, the top was coated with carborundum. 
The quartz tube carrying the thermocouple was allowed to project 
just above the surface. As before, the end of the quartz capillary 
which made contact with the specimen was sealed by a thin 
coating of alundum. This device completely eliminated all 
trouble due to decarburisation, and steel specimens could be 
melted and remelted without any change in the carbon content. 


Melting and Freezing Curves. 


In Table I. are recorded the analyses of the steels used for 
melting-point determinations. In order to provide a basis for 
the comparison of the commercial steels, melting and freezing 
point determinations were made with Armco iron, and four 
crucible steels in which the impurities, with the exception of 
manganese, were low. The curves obtained with this series are. 
given in Fig. 4, A to H, and the freezing and melting points are 
plotted in the diagram, Fig. 5. Since this diagram forms the 
basis for plottig the results of the commercial steels, it will be 
termed the “ theoretical diagram.” 
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(For analyses, see Table I., p. 319.) 
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th, UR te hen Semmes 
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A ng PE ty, 


CARBON STEEL JW. 


Fia. 4, F. 


CARBON STEEL ZSFC 


Fie. 4, G. 
(For analyses, see Table I., p. 319.) 
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xe 


1526 °C 


1496 °C. 


464° 


CARBON STEEL ZCH. 


Fia. 4, H. 


SUISSE AY 


Fie. 4, J. 
(For analyses, see Table I., p. 319.) 
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(For analyses, see Table I., p. 319.) 
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The’ Armco iron was melted without the protection of a 
carborundum covering, so that its complete decarburisation 
was assured. The value for the freezing and melting point 
obtained by the tungsten-molybdenum couple was 1587° C., a 
figure advocated by Carpenter. The d-y transformation occurred 
at 1408° C., which agreed with the results of the Japanese 
workers. 

The freezing and melting points of the other steels require 
but little comment. It should be mentioned that the peritectic 
transformation was detectable in steels Nos. 1 and 2 only. The 
mean value for this transformation was 1494° C., which is the 
melting point of the 0-71 per cent. carbon steels. The peritectic 
would, therefore, according to these figures, extend to 0-71 per 
cent. of carbon. 

In Fig. 5 a straight line has been drawn for the liquidus and 
another for the solidus. These lines are approximations only, 
and it is not for a moment considered that these few determina- 
tions, made on steels which are not of 100 per cent. purity, are 
suitable data with which to establish a complete and absolutely 
accurate iron-carbon equilibrium diagram. 

The curves for the commercial steels are given in Fig. 4, 
F to X. For convenience in dealing with these steels they will 
be divided into two categories—namely, carbon steels and 
nickel and nickel-chromium steels, the latter class including two 
molybdenum steels and one vanadium steel. 


Carbon Steels. 


Steel JW.—The only impurity of any moment is manganese. 
The freezing point falls on the theoretical curve, and the peri- 
tectic transformation occurs at 1488° C., just 6° C. lower than 
the normal. The y—(S + y) transformation agrees well with the 
theoretical value. 

Steel ZSFC.—This steel is of the same carbon content 
as steel JW, but has a high phosphorus content. This impurity 
is no doubt responsible for the slight lowering of the freezing 
point, and the greater lowering of the peritectic transformation. 
The point at 1454° C. on heating is consistent with the lowering 
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of the peritectic change, this change being undoubtedly the 
y—(5 + y) transformation. 

This result fits in with the work of Haughton, who has shown 
the remarkable lowering of the 3-y change, which at 0-6 per 
cent. of phosphorus brings about the complete elimination of 
the y phase. 

Steel ZCH.—The only impurity of importance is manganese. 
All points fit in well with the diagram. 

Steel N.—The freezing and melting points agree well with the 
diagram. A peculiar feature of this sample is that the peritectic 
change on freezing occurs at a higher temperature than it does 
on melting. 

Steel L.—Both the freezing: and melting points of this steel 
were low. There is the possibility that the high manganese 
content might be responsible for this; there is some evidence 
that manganese above 0-6 per cent. has an effect on the 
mechanical and other properties of steel which does not occur 
when the manganese content is below about 0-55 per cent. 

Steel AL.—AIl points fit in well with the diagram ; this was 
unexpected in view of the high silicon content. The presence of 
a small peritectic point should be noted. It was absent in steel 
L of lower carbon content, on account most probably of the 
higher manganese content. 

Steel AH.—The freezing point is low, due to the high man- 
ganese content. 

Summary of Carbon Steels —With one exception (steel ZSFC 
is not regarded as a plain carbon steel on account of the high 
phosphorus), namely, steel L, all the samples gave points which 
fitted in with the theoretical diagram remarkably well. Man- 
ganese up to about 0-55, and silicon up to about 0-35 per cent., 
are, so far as the specimens examined have shown, quite without 
effect on either the freezing or melting points. This is extremely 
fortunate, for it enables the iron-carbon diagram to be used for 
commercial steels without objection. 


Nickel and Nickel-Chromium Steels. 


Since these steels contain varying amounts of nickel and 
chromium, it is difficult to plot the results on any one diagram. 


! 
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For the sake of comparison, however, the results are plotted on 
the theoretical iron-carbon diagram. By doing so, many points 
of interest are brought to light. The curves for the nickel and 
nickel-chromium steels will therefore be dealt with generally, and 
with respect to their position of the freezing and melting points 
shown in Fig. 6. The two nickel-chromium-molybdenum steels 
are also included. 

If the nickel and chromium contents of each steel be added 
together, and the difference between its freezing point and that 
of a carbon steel of the same carbon content be estimated, the 
calculation of the ratio of the latter value to the former produces 
an interesting set of figures, as follows : 


Steel Ni + Cr es fee Ratio 
BL 4-16 19 4-5 
BH 4-2 20 4-7 
CL 4-0 19 4-7 
CH 4-2 25 6-0 
DL 5-1 17 3:4 
DH 5-2 22 4-4. 
di 4.-4. 22 5-0 
K 5:7 28 5-0 


With two exceptions—namely, steels DLE and CH—the depression 
of the freezing point due to nickel and chromium varies between 
4-4° and 5° C. for every 1 per cent. of combined nickel and 
chromium present (by combined nickel and chromium is meant 
the sum of the amounts of these two elements in the steel). It 
will be noticed that the two molybdenum steels fall into line with 
this calculation. With regard to these last-mentioned steels, a 
’ most noticeable feature is the solidus temperature, which in both 
cases lies well below the solidus line of the iron-carbon diagram, 
the difference between the freezing and melting pomt being 
ereater the larger the percentage of molybdenum present in the 
alloys. This supports the contention of Westgren, who has 
experimentally shown that molybdenum separates in the form 
of a molybdenum-iron carbide. The fact that the solidus line 
obtained with the nickel and nickel-chromium steels almost 
coincided with that for carbon steels suggests that these elements 
do not separate as carbides, but that they exist rather in solid 
solution in the iron-carbon system. ' 
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If, then, the nickel and chromium contents of any steel of 
low nickel and chromium content be added together, and the 
figure so obtained be multiplied by 4-8, the result will give the 
approximate lowering of the freezing point due to nickel and 
chromium, so that by utilising the iron-carbon diagram a fairly 
accurate figure for the actual freezing temperature of the alloy 
may be obtaimed. Further, since the solidus line of the alloy 
steels has been found to correspond closely with that of the 
carbon steels, the melting points may be deduced. 

Another way of plotting the results obtained with the alloy 
steels is as follows: According to Hanson, 4 per cent. of nickel 
lowers the freezing point by the same amount as 0-33 per cent. 
of carbon. Assuming that chromium has a similar effect, if the 


total nickel plus chromium content be multiplied by the factor 
0-33 : 2 : 
4 = 0-082, the carbon equivalent for the nickel plus chromium 


will be obtained, thus : 


Steel. Nickel se ae oa Ni + Or x 0-082. Copies ote Case 
BL 4-16 0-34 0-20 0-54 
BH 4-2 0-34 0-25 0-59 
CL 4-0 0:32 0-25 0-57 
CH 4-2 0-34 0-38 0-72 
DL 5-1 0-42 0-09 0-51 
DH 5-2 0-42 0-12 0-54 
J 4-4 0-36 0:26 0-62 
K 5:7 0-46 0-31 0-77 


It is seen from Fig. 7, in which these results are plotted, that 
the liquidus lies very close to the liquidus of the pure iron-carbon 
steels, whilst the solidus lies much closer to the liquidus than 
it does in the theoretical iron-carbon diagram. This serves as 
another means of calculating the freezing temperature of nickel 
and chromium steels. 

Hanson’s figure of 0-082 has been taken in preference to that 
calculated from the commercial steels, because it gives a relation 
between pure nickel-iron alloys and carbon, without the inter- 
vening action of impurities. The assumption that chromium 
behaves similarly to nickel when in small quantities does not 
seem to have introduced any appreciable error. It will be noticed 
that the freezing points in Fig. 7 lie about 5° C. above the 
theoretical liquidus. 
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The Relation between the Liquidus and Solidus Limits, 
and the Homogeneity of Steels. 


Two reasons for the greater homogeneity of nickel and nickel- 
chromium steels, as compared with carbon steels, arise out of 
this investigation. In the first place, the liquidus and solidus 
curves for the alloy steels—t.e. nickel and nickel-chromium—lie 
nearer together with respect to temperature than they do in the 
case of plain carbon steels. This necessarily means that solidi- 
fication takes place over a narrower range of temperature, and 
therefore relatively more rapidly. It further implies a smaller 
difference in carbon content at any corresponding temperature 
between the liquid and solid during freezing. Secondly, in the 
nickel and nickel-chromium steels dealt with, whilst it cannot 
be definitely said that the peritectic transformation was absent, 
it did not appear in any of their curves. 

A peritectic transformation is regarded as a constant tem- 
perature reaction between a liquid C and a solid A, with the 
formation of a new solid B (see Fig. 9). Any alloy to the 
right of B (with respect to the composition axis) should, there- 
fore, just at the peritectic temperature and under conditions 
of equilibrium, consist entirely of B along with liquid C. It is 
difficult to conceive that that reaction takes place to completion 
during the solidification of an ingot. 

A more rational way of viewing this type of change is to 
regard it as a sudden change from one solidus system to another. 
Since in the iron-carbon system the new solidus system (on 
cooling) is associated with a higher carbon content, it is obvious 
that at the peritectic temperature an excess amount of liquid 
(as compared with that solidifying at any one temperature above 
the peritectic line) will freeze. It is, then, the freezing of this 
excess liquid, along with a change from $- to y-iron, that gives 
rise to an evolution of heat at this temperature. 

In carbon steels, between the temperature of freezing and 
that of the peritectic, iron containing a maximum of 0-07 per 
cent. of carbon is the only solid to separate. For the steel to 
become homogeneous with respect to carbon, a diffusion of this 


1 A special note has been added on peritectic changes at the end of this section. 
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element must necessarily occur in the solid, and provided the 
steel remains at a temperature above 1850° C. for a sufficiently 
long time homogeneity with respect to carbon may be brought 
about. There is, however, much evidence pointing to the fact 
that complete diffusion may not always occur. It is only neces- 
sary to bring to mind the extreme slowness with which the 
cemented layer of a case-hardened steel diffuses inwards, even 
at.a comparatively high temperature, to realise that diffusion of 
carbon is not a rapid reaction. 

If, as appears to be the case, nickel and nickel-chromium 
steels of the composition dealt with undergo no peritectic change, 
then it can be assumed that a solid containing relatively large 
amounts of carbon will form as solidification proceeds.1 The 
diffusion necessary to bring about homogeneity will then have 
to take place to a less degree than with carbon steels, as two 
solid phases are not originally present. The two molybdenum 
steels examined are of interest, inasmuch as in these steels the 
temperature distance between the liquidus and the solidus is the 
greatest of all samples investigated. The molybdenum steel 
referred to in the Second Report ? shows a marked segregation 
of molybdenum and carbon, a high carbon content being asso- 
ciated, generally speaking, with a high molybdenum content. 
This is confirmatory evidence of the effect of the liquidus-solidus 
range upon segregation, and the results suggest that molybdenum 
segregates in the form of molybdenum carbide. Reverting to 
carbon steels, a peculiar feature of the heating curves was that, 
provided the solidus was above 1400° C., the first heating curve 
usually showed a number of breaks at temperatures about 
1400° C. In a repeat determination, provided the sample was 
not cooled below 900° C. before reheating, these breaks were 
absent. It was quite an easy matter to distinguish the solidus 
point from these irregular deviations, which were always in the 
nature of an absorption of heat. It should be added that in 
every case the solidus point in the second curve coincided 
exactly with that in the first. 

An explanation which fits in well with the facts is as follows : 
The heating of an experimental specimen, although comparatively 


1 That is, the composition is such that the liquid passes directly to the y phase. 
® Journal of the Iron and Steel Institute, 1928, No. I. p. 401 (see p. 423). 
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slow, is rapid as compared with the heating of an ingot or billet. 
This being the case, on heating, the carbon had not sufficient 
time to diffuse completely through the original free «-iron, which 
at 900° C. becomes changed into y-iron. The result would 
then be that this comparatively pure iron would undergo the 
y-5 transformation at a temperature dependent upon its carbon 
content. The almost pure iron would transform around 1408° C. 
to d-iron, and that containing small amounts of carbon at tem- 
peratures corresponding to its carbon content. Upon melting 
and cooling down to 900° C., the specimen would be at a high 
temperature for sufficient time for a certain amount of diffusion 


to take place, enough probably to mask any small high tempera- 
ture change that might occur. 

An experiment which shows the effect of diffusion of carbon 
upon the structure of steels was made as follows: A bar of a 
steel containing carbon 0:46, manganese 0-2, and silicon 0-2 per 
cent. was sectioned so as to give a specimen 10 cm. long and 
about 2 cm. round. This was completely encased in alundum, 
and an outer coating of carborundum. It was placed in the 
furnace so that one end became completely melted and the other 
end remained well below the melting point. It was allowed to 
remain in the furnace at its highest temperature for 1 hr., after 
which it was slowly cooled.with a current passing through the 
furnace. It was then sectioned vertically through the centre, 
and a micro-examination was made of the inside surface. 

Six micrographs were sufficient to depict the variation of 
structure along the bar; these are shown in Figs. 10 to 15 
(Plates XXXVI. to XXXVIII.), and the areas to which the 
micrographs correspond are indicated in Fig. 8. 

Fig. 10 shows the line of demarcation between areas 1A and 
1B. Area 1A represents what might be taken as a typical | 
normalised structure. In the area 1B the structure was that of 
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a drastically overheated steel. It will be evident that diffusion 
of carbon had occurred to a marked extent, and that the whole 
configuration of the ferrite had changed. ‘This line of demarea- 
tion between the temperature of overheating and of normalising 
appeared as a clear line right across the specimen. Fig. 11 is 
typical of the structure within area 2, which consisted almost 
entirely of large sorbitic grains with but little free ferrite. This 
was. brought about either by a most uniform diffusion of the 
carbon, or by a Soret effect, causing migration of the carbon 
from the hot to the cooler region. Fig. 12 shows that incipient 
melting had obviously occurred in area 3; the material com- 
posing the interior of the grains had become fluid, whilst the 
grain boundaries of iron (ferrite) had remained solid. 

Fig. 18 demonstrates that in area 4 the temperature was 
obviously just above the peritectic transformation ; the carbon- 
rich solution had separated from the iron, leaving the latter, 
along in all probability with a certain amount of y-iron con- 
taining a maximum carbon content of 0-18 per cent., which had 
given rise to the pearlite on cooling. 

In area 5 (Fig. 14) melting had been nearly complete, but 
the carbon content was less than that of the normal steel, while 
in area 6 (Fig. 15) the melting had been complete, the coarse 
structure being that of a carbon steel which had been kept 
molten for some time. 

These micrographs lead to the following considerations : 

(1) Diffusion of carbon is not sufficiently rapid to bring 
about homogeneity with respect to this element. Although 
the specimen dealt with in the above experiment was relatively 
insignificant as compared with a large ingot, it was established 
that in the present instance diffusion did not take place to any 
marked degree. The view that even in large carbon steel ingots 
diffusion of carbon occurs to a far less extent than is usually 
assumed receives some support. It would almost seem that 
diffusion does not occur on a falling temperature. 

(2) The structure of area 6 was far coarser than that of 
specimens melted in the usual manner (prior to taking a freezing 
curve). ‘This suggests that time and the temperature of the melt 
have an effect on the grain-size, the higher the temperature and 
the longer the time in the molten state, the larger being the 
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grain-size of the resulting material. Since the furnace was run 
for an hour with the same current as was required for melting 
the specimens for freezing-point determinations, it is obvious 
that the temperature must have been higher. 

(3) The line of demarcation between overheating and not 
overheating is exceedingly sharp. 


The Interpretation of the Peritectic Transformation. 


In view of the experimental evidence contained in this Report, 
the peritectic transformation assumes an importance not usually 
attached to it. The method of interpreting the mechanism of 
a transformation of this type as given by many authorities is, 
however, misleading, and it was thought that a note dealing 
with the matter might be of value. Fig. 9 has been drawn to 
illustrate the discussion. 

The explanation usually given is as follows: At the tempera- 
ture of the peritectic, a reaction occurs between a liquid phase 
and a solid phase, which gives rise. to the formation of a new solid 
phase. In Fig. 9, for instance, the reaction may be expressed by : 


Solid A + liquid C = solid B. 


This, it is assumed, is responsible for the evolution of heat at 
the constant temperature of the peritectic. Further, it is 
generally imagined that, in an alloy of composition denoted by 
Y in the figure, at the peritectic temperature the whole of the 
solid A will react with the liquid C and be completely changed 
to the solid B, with some liquid remaining. <A change of this 
character is not, however, in accordance with the phase law, 
which demands the existence of three phases at the peritectic 
temperature. 

A simpler method of regarding this type of transformation 
is to consider it as belonging to two separate systems, a trans- 
ference from one to the other occurring at the peritectic tem- - 
perature. In this case the transference is from a 6-iron system 
containing but a small quantity of carbon in solution, to y-iron 
containing a greater amount of carbon in solution. An alloy 
of composition X will begin to freeze in the § form at a 
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temperature denoted by F,; at a temperature b there will be 
present be of solid (8-iron with some carbon in solution) and ab 
of liquid (which will contain the greater part of the carbon). 

At the peritectic temperature three phases must be present, 
namely, solid A, solid B, and liquid C, whilst just below the 
peritectic temperature only two phases, namely, a, and b,, can 
co-exist in equilibrium. It is thus seen that the formation of 
the b, phase (y-iron with carbon in solution) takes place largely 
in the solid. This being so, immediately after solidification the 
steel will be far from homogeneous, and will consist of areas of 
iron almost free from carbon, originally deposited in the § form, 
and areas higher in carbon. In practice it is most probable that 
the alloy of this composition will not become completely solid 
at a temperature b,, but that the liquid will continue to freeze 
along BY until the last portions have become solid. 

As a second example, consider an alloy of composition Y. 
Freezing will begin at F', and at a lower temperature, f, there 
will be present relatively af of liquid and fe of solid (8-iron with 
some carbon in solution). Below the peritectic temperature, at 
fy, When equilibrium has been established there would be rela- 
tively f,c, of the B constituent, and ef, of the liquid remaining. 
It is thus seen that as the peritectic change is passed through 
the solidus changes from PA to BQ, and an amount of solid 
approximately equal to (Af, — Bf,) will separate and freeze 
spontaneously. This amount is equal to AB in the diagram, 
and it is this deposition, along with the change from 6- to y-iron, 
which is responsible for the heat evolution at the peritectic. 

Experimental freezing curves have always shown up the 
peritectic as a marked and sudden change, occurring over a very 
short period of time. The sharpness of the point leaves no doubt 
as to its not being due to the interaction of two phases. Further, 
it will be evident that in any change which involves a trans- 
ference from one system to another there will always be a 
tendency for the liquid phase to be more concentrated in the 
solute element (carbon in this case), so that equilibrium can 
only be established by prolonged heating of the alloy in the solid 
state. 
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Microstructures of Specumens used for Freezing-Povnt 
Determinations. 


Typical structures of the varying types of steel used in the 
melting and freezing point determinations are shown in the six 
micrographs, Figs. 16 to 21 (Plate XXXIX.). They were taken 
after the freezing-pomt determination, without the specimen 
having been submitted to any subsequent treatment. 

Steel AL (Fig. 16).—This is a plain carbon steel containing 
0-52 per cent. of carbon and 0-48 per cent. of manganese. The 
light area low in carbon represents what was in all probability 
a large $-iron area in the high-temperature state. The absence 
of any large amount of carbon in this area accounts for the 
relatively high carbon content of the remainder. This micrograph 
is typical of the whole specimen. 

Steel SD (Fig. 17).—Although this steel contained 0-40 per 
cent. of carbon and 1-16 per cent. of manganese, and showed 
a small peritectic transformation, the fact that this transforma- 
tion occurred within 6° C. of the freezing point would tend to 
make it ineffective in markedly affecting the structure. The 
increased homogeneity and absence of large ferrite areas due 
to a high manganese content is evident. 

Steel ZSF'C (Fig. 18)—This steel contained 0-14 per cent. of 
carbon and 0-11 per cent. of phosphorus. The structure illus- 
trates well the effect of elements, such as phosphorus, which tend 
to lower the d-y change. By increasing the stability of $-iron 
at a low temperature, the carbon that has concentrated in the 
small areas of y-iron appears finally as small isolated areas of 
pearlite, which in many places is almost in the form of free 
cementite. This should be compared with specimen SD, where 
the contrary effect of manganese, by decreasing the amount of 
d-iron and increasing that of the y form, has brought about a 
better diffusion of the carbon. 

Steel DH (Fig. 19).—This is a high-nickel low-carbon steel 
containing 5-11 per cent. of nickel and 0:15 per cent. of carbon. 
The freezing point showed no peritectic transformation, the iron 
therefore solidifying completely in the y form, with the result 
that the carbon is exceedingly well diffused. 

Steel KX (Hig. 20).—This is a nickel-chromium steel containing 
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Fic. 10.—The line of demarcation between areas 1A and 
1B in Fig. 8. 
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Micrographs of a steel containing Carbon 0°46, Manganese 0°2, and Silicon 0'2 per cent. x 125 ; reduced in reproduction to §. 
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Fig. 13.—Area 4 of Fig. 8. 
Micrographs of a steel containing Carbon 0°46, Manganese 0°2, and Silicon 0°2 per cent. x 125; reduced in reproduction to §. 


Fic. 12.—Area 3 of Fig. 8. 
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0-32 per cent. of carbon, 4:22 per cent. of nickel, and 1-35 per 
cent. of chromium. Hxcept for the white areas, which may 
possibly be areas high in one of the alloying elements, the steel, 
as is to be expected, is homogeneous, and the carbon fairly 
uniformly distributed. 

Steel BH (Hig. 21).—This is a nickel-chromium-molybdenum 
steel containing 0-27 per cent. of carbon, 2-98 per cent. of nickel, 
1-31 per cent. of chromium, and 0-44 per cent. of molybdenum. 
The segregation of molybdenum carbide referred to previously 
is borne out by the micrograph ; in some cases the white areas 
would appear to be free carbide, but more usually they are 
austenite. 


Conclusions. 


1. It has been shown that the liquidus and solidus curves of 
the commercial steels dealt with conform with respect to carbon 
content and temperature with the iron-carbon diagram, provided 
the manganese is below 0-45 per cent. 

2. Nickel-chromium and nickel steels freeze at a lower tem- 
perature than plain carbon steels, the temperature depending 
upon the nickel and chromium contents. The melting points or 
solidus occur at approximately the same temperature as they do 
in plain carbon steels of the same carbon contents.. A method 
has been given for calculating the freezmg and melting ranges 
of low-nickel and low-chromium steels. 

3. Nickel-chromium steels containnmg molybdenum differ 
from nickel-chromium steels without molybdenum in that, whilst 
their freezing points are not affected by the small quantities 
of molybdenum present, their melting points or solidus appear 
to be considerably lowered by the molybdenum in proportion to 
the amount present. 

4, The explanation has been advanced that nickel and nickel- 
chromium steels tend to show less segregation with respect to 
the carbon, for two reasons. First, the liquidus and solidus lines 
lie nearer to one another with respect to temperature than they 
do in a plain carbon steel, and, secondly, in steels in which the 
peritectic transformation has been obliterated, this in itself will 
account for their greater homogeneity. 

5. Nickel-chromium steels containing molybdenum will show 
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a segregation of molybdenum carbide, on account of the widening 
of the liquidus-solidus range by that compound. It is a necessary 
inference that metals which form a solid solution with the iron 
phase depress the freezing point only, whilst metals which form 
a carbide depress the solidus limit with respect to temperature. 

6. Micrographs have been shown of various sections from a 
specimen differentially heated and melted at one end; they 
emphasise the importance of the peritectic reaction in carbon 
steels, and also indicate that the diffusion of carbon is much less 
rapid than is usually assumed. Whilst the time during which 
a large ingot will remain at a temperature at which diffusion may 
be fairly rapid is longer than it is for a smaller ingot, on the 
other hand the longer time taken to cool through the peritectic 
may balance or overbalance this effect ; it may bring about a 
more complete separation of the two phases, d-iron and solid 
solution. 

7. The liquidus and solidus curves derived from carbon 
steels run almost parallel with those of Carpenter and Keeling. 


The authors would like to express their indebtedness to the 
Council of the Iron and Steel Institute for having contributed 
towards the cost of this and the following investigation, and for 
having awarded a grant of £100 from the Carnegie Research 
Fund to Dr. Binnie. Further, they wish to thank Dr. Hatfield 
and other members of the Committee on Heterogeneity of Steel 
Ingots, not only for having provided the necessary steel samples 
together with their analyses, but also for their sympathetic 
interest in these rather difficult pieces of research. 


SECTION III.—Tus Sotvsiiry or Iron anp MANGANESE © 
SULPHIDES IN STEEL. 
By Professor J. H. ANDREW, D.Sc., and Davrp Brynin, B.Sc., 
Ph.D., A.R.T.C. (Carnegie Scholar) (Glasgow). 
Ir is usually assumed that, provided the manganese content of 
a steel is sufficient, all the sulphur present is out of solution, and 
exists in the form of Mn§S, or a complex of Mn§ with oxides of 
iron and manganese, and possibly FeS. 
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The particular form in which sulphur exists in the molten 
steel is not known, but it is the opinion of many steel smelters 
that FeS prevails, even in the presence of manganese, at the high 
temperature of the Siemens furnace, the formation of MnS taking 
place just prior to or simultaneously with the solidification of the 
steel. 

That the reaction FeS + Mn = MnS + Fe is reversible is 
most probable, and from the heats of formation of the two 
sulphides it may be safely assumed that the reaction tends to 
proceed from left to right at lower temperatures, and in the 
reverse direction at higher temperatures. The reaction constant 
for this equation is not, however, known. 

If either iron or manganese sulphide is soluble in solid steel, 
its solubility is but small, and a quantitative estimation of this 
factor 1s a problem beset with difficulties. Micro-examination as 
a means of estimating solubility is not a good method, for if the 
sulphide particles are sub-microscopical in size they remain un- 
detected, but at the same time fall into the category of insoluble 
material. Turther, even visible particles, if they are very small, 
may easily be confused with other impurities, such as oxide 
specks. 

As a qualitative method, however, micro-examination may 
be employed, but no great stress must be laid on the results of 
such an examination. The most desirable method, if it could 
be used, would be to ascertain the relative solubility of sulphides 
by a determination of the electrical resistance. Resistivity 
determinations can be carried out with great accuracy, so far 
as the physical measurement is concerned, but for the deter- 
minations it is essential to provide thin bars of undoubted homo- 
geneity and soundness with respect to constituents other than 
sulphides, so that differences between various specimens may 
justly be attributed to an effect of the sulphides, either in or out 
of solution. Preparation of sound specimens free from blowholes 
is almost an impossibility when dealing with small amounts of 
material, and, further, though a specimen might appear to be 
sound externally, a small blowhole or particle of non-metallic 
inclusion would affect the electrical resistance to a greater extent 
than any small variation in dissolved sulphides. 

The electrical resistance method, although theoretically most 
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desirable, presented practical difficulties which could not be 
overcome. As an exact measurement of even the relative solu- 
bility of iron and manganese sulphide seemed impossible, it was 
decided to employ a qualitative method which would at least 
indicate whether iron and manganese sulphides were soluble to 
even a small degree in solid steel. 


Experimental Methods Employed. 


The experimental method finally adopted by the authors was 
to determine the effect of iron sulphide and manganese sulphide 
on the temperature and magnitude of the Ar, change in iron. 

Melts of Armco iron weighing 130 grm. were made, to which 
either yellow sulphur or yellow sulphur and manganese in weighed 
amounts were added. The melting was done in a vertical molyb- 
denum wire-wound furnace similar in type to that described in 
Section II., and alundum crucibles were used. ‘The crucibles, 
which were small, measured approximately 4 in. x 14 in. exter- 
nally ; they were round, and had a bore of about 1 in. No 
carborundum was used, so that the melt was completely decar- 
burised by the hydrogen gas used as the protective medium for 
the molybdenum wire. 

After the sulphur and manganese had been added to the 
molten iron, the additions being made without withdrawing the 
crucible from the furnace, the melt was allowed to heat up to a 
high temperature before pouring ; it was, of course, well stirred 
(with an alundum stirrer). About half of the melt was cast in a 
small chill mould, which on being filled was immediately plunged 
into cold water to effect as rapid cooling as possible, and the 
remainder of the still molten alloy contained in the crucible was 
replaced in the furnace, where it solidified after about 80 sec. 
It was then allowed to cool down with the furnace. 

On analysing the slowly cooled and chilled portions, it was 
found that whilst the analyses of the two were the same, there 
was a loss of manganese amounting in some cases to half that 
added. In view of the fact that the metal had been melted in a 
reducing atmosphere, this was surprising. If the temperature 
of the furnace were raised so as to retain the metal put back in 
the furnace in a molten state for several minutes, a further loss 
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occurred, so that what amounted to a remelting of the metal 
remaining in the crucible had to be avoided. In this manner 
two specimens were made from each melt, one representing the 
rapidly cooled and the other the slowly cooled state. 

Small sections of uniform size were cut from the chilled 
and slowly cooled specimens, and cooling curves were taken. 
All curves were taken in vacuo, and a_platinum/platinum- 
rhodium couple was used throughout. 


Iron-Sulphur Alloys. 


Two series of examples showing the types of curves obtained 
with iron-sulphur alloys are given in Figs. 22 and 23. Fig. 22 is 
a series of curves obtained with an iron-sulphur alloy contain- 
ing 0-35 per cent. of sulphur. The first seven curves are of the 
chilled specimen, curve 1 being of the specimen in its originally 
chilled state, and 2 to 7 representing the effect of continued 
heating and cooling. The initial temperature and time of soak- 
ing is given at the top of each curve. The slowly cooled state 
is represented by curve 8, whilst a curve of Armco iron is in- 
cluded for comparison (curve 9). As a means of comparison 
the temperature of the maxima of the Ar, will be used. 

The points of interest in these curves are as follows: In the 
“as quenched” state the temperature of the maximum of 
the Ar, is lower than that of Armco iron by 15° C., whilst the 
magnitude of the heat evolution is very considerably less. On 
continuously heating and cooling, there is a slight rise in tempera- 
ture of the maximum, and a small increase in the magnitude of the 
heat evolution. Whether the alloy be soaked above or below 
the Fe—FeS eutectic point, which occurs at about 1000° C., makes 
but little difference in the form of the curve. Further, even 
after the seventh heat, the curve does not coincide with that of 
the slowly cooled specimen, either with respect to the maximum 
temperature or the magnitude of the point. The slowly cooled 
state produced a smaller evolution of heat and a maximum at a 
lower temperature than Armco iron. 

The alloys forming the second series (Fig. 28) contained 
0-5 per cent. of sulphur. Curve 1 is of the “as quenched ” 
specimen, and Nos. 2 to 5 are curves taken after repeated 
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heatings to the temperatures given. No. 6 represents the slowly 
cooled state. 

It is evident that a greater quantity of sulphur has been 
retained in solution in this series as compared with the former. 
Curve 1 shows a multiplicity of points, which after a further 
heating are smoothed out into two definite evolutions, one at 
897° C. and a larger one at 865° C. In curve 38 the lower one has 
been raised, whilst there is an indication of a small point at about 
897° C. In curve 4, whilst the two larger points in curve 3 
become merged into one, the small upper point still persists. 
Curve 5 is similar to curve 4, and shows a partial but not complete 
return to the normal. The slowly cooled specimen gave a curve 
very similar to that obtained in the previous series. 

In both series what is regarded as the magnetic change occurs 
at 765° C., and remains unchanged by the various treatments. 

These curves would seem to show conclusively that sulphur 
may be retained in solution to an appreciable amount by rapidly 
cooling the melt, and, further, even in the case of a slowly cooled 
melt, there is evidence of the retention of a small amount of 
sulphur in solution. No attempt to explain the significance of 
the innumerable points shown in curve 1 (Fig. 28) will be made ; 
whether they are all due to the deposition of FeS, to the actual 
formation of eS, or to a change in the allotropic condition in 
the iron, cannot even be guessed at. Any attempt to quench 
between the various points would be futile, for, on account of 
their change in magnitude and position with repeated heatings, 
such a method of attack would be invalid. 


Iron-Manganese-Sulphur Alloys. 


Whilst many melts of the ternary alloys were made, only 
two series will be dealt with. Fig. 24 represents curves taken 
with an alloy containing 1-4 per cent. of manganese and 0-31 per 
cent. of sulphur. Curve 1 is of the specimen in the “as 
quenched ” condition, and curves 2 to 7 were taken after heat- 
ing the same specimen to the temperatures indicated. Curves 8 
and 9 are of the slowly cooled specimen, curve 9 being added 
merely to show that no difference in form is evident after a 
second heating. 
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The peculiar feature of these curves lies in the obvious 
absorption of heat which follows upon the evolution of heat at 
817° C. (curves 1, 2, and 8). Whilst the temperature of the 
maximum of the Ar, is the same in all curves of the quenched 
specimens, the magnitude of the evolution increases in a marked 
degree after repeated heatings, whilst if the curve of the “ as 
quenched ”’ specimen be compared with that of the slowly cooled 
piece the difference in the magnitude is striking. Another very 
peculiar feature of these curves is that the maximum of the 
point in the curve of the slowly cooled specimen is at a lower 
temperature than that of the corresponding quenched condition 
by 10° C. 

A further series, in which the manganese content was 1-3 per 
cent. and the sulphur 0-26 per cent., is shown in Fig. 25. 
Curves 1 and 2 are of specimens in the “ as quenched ” condition, 
curve 2 following immediately upon curve 1. These represent 
specimens quenched from the liquid at the highest temperature 
obtaimable. Curve 8 is of a specimen which had been quenched 
just on the point of solidification, whilst curve 4 is of a similar 
specimen taken from the same sample, but which had been aged 
for 6 weeks at ordinary temperatures. Curves 5, 6, and 7 are 
of similar aged specimens, 5 being the first heating, and 6 and 
7 subsequent heatings. Curve 8 is of a specimen in the slowly 
cooled state, and curve 9 is of a similar specimen taken from 
the same small ingot after ageing for 6 weeks. 

Curves 1 and 2, in Fig. 26, represent specimens of an iron- 
manganese alloy containing 1-55 per cent. of manganese and no 
sulphur, quenched and slowly cooled, respectively. 

The curves for the iron-manganese-sulphur alloys possess 
some peculiar features, and, whilst it is impossible to make any 
definite deductions from them, the following features may be 
worth commenting upon : 

(1) As a general rule, curves for the quenched specimens gave 
a critical point of less magnitude than the corresponding slowly 
cooled specimens, provided that the quenching from the liquid 
was carried out at a high temperature. 

(2) The slowly cooled state gave rise to a critical change at 
a slightly lower temperature than the corresponding quenched 
state. 
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(3) On quenching from a temperature just above the solidi- 
fying point the curve obtained corresponded more with that of 
the slowly cooled state rather than with that of the quenched 
condition. 

(4) A comparison of the curves taken immediately after the 
alloys were made and those taken with specimens cut from the 
game section, but which had been allowed to remain at atmos- 
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Fic. 26.—Manganese-Iron Alloy. Mn = 1-55 per cent. 


pheric temperature for 6 weeks, shows that a change was produced 
which is reflected in the curves. 

(5) If the curves for the iron-manganese alloy containing 
1-55 per cent. of manganese be compared with the sulphur-iron- 
manganese alloys, and allowance be made for the manganese 
retained by the sulphur in the latter mixtures, it will be seen 
that the critical pomts correspond to a normal lowering by the 
manganese not in combination with the sulphur. The assump- 
tion is made that the lowering of Ars by manganese is linear for 
the small amounts under consideration. 

From the standpoint of the critical point temperatures it 
would appear that MnS is insoluble in iron, but some doubt is 
cast on this by the effect of MnS in restraining the evolution 
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Fic. 27.—Iron-sulphur alloy. Slowly cooled. 
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Fic. 29.—Iron-sulphur alloy, showing effect o 
continued heatings. 


Fic. 31.—Iron-manganese-sulphur alloy. Chilled. 
Unetched. 


Fic. 32.—Iron-manganese-sulphur alloy. 


(Magnification, 300 diam. Reduced in reproduction to eight elevenths.) 


Fic. 30.—Iron-manganese-sulphur alloy. Slowly 
cooled. 


Chilled. 
Lightly etched. 


[To face p. 356. 


IP Aas KIL A. 


a, BAe ae ee 
Cae IE Nae 


fot SS Pee, Na Pee nO Ao & “Xs Kar wk 
PS ja . ; A : “ 
LORS ERIN ET, 

rns CES CAGE 2 Oh 
¢ 


[Pear 


A a 

2 4 

Y M ¢ 
ee Le 
Fic. B.—Angular structure in steel as cast, with 

one spot ‘‘ feathery.’’ 

BOM Oe Le 
AX Paley wy 4 Re Ss 
Ci NN) Ceey Bon e 
us ad “avg if 
at he & a> BA * 2 
i ee Sala 
og i | 
LEC! 


a = TS eae 


ee, Z ¥y # 
Ne 


ah ~- ae x 
MO Gp 


Fic, C.—Feathery structure in steel as cast, with 
a little angular structure. 


Magnification X 50. Reduced in reproduction to five-sevenths. 
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—that is, im decreasing the magnitude. The experiments do, 
however, point to the sulphide being in the form of MnS. 

The fact that rapidly chilling the alloys from the melt has 
the effect of slightly raising rather than lowering the critical 
change suggests the possibility of MnS being slightly more 
soluble in 5-iron than in the y state. On slowly cooling, the 
alloy would pass slowly from the $ to the y state, and more 
opportunity for the § form to dissolve the sulphide would be 
allowed. Further, the effect of ageing, which is to raise the 
critical change, also suggests the very unlikely possibility that 
solution in the « state, which is the same as the 6 in its space- 
lattice configuration, may have occurred. Experiments are now 
being conducted to effect a solution of the MnS by heating for a 
prolonged time at a temperature below that of the critical change. 

In selecting the composition of the alloys the authors were 
guided by the following considerations: Sufficient sulphur must 
be added to enable its effect to be indicated on the curves. The 
manganese content must be adjusted so as to more than suffice 
for the formation of Mn$, but at the same time the amount must 
not be sufficient to lower the critical points to a temperature at 
which they became too sluggish. In one case, in which an alloy 
was made containing over 2:5 per cent. of manganese, two 
distinct critical changes resulted. This alloy was neglected, as 
it only added difficulties to the problem. Again, if insufficient 
manganese was added the critical points would too nearly 
coincide with that of Armco iron, and the amount of sulphur that 
could be added would be too small for experimental purposes. 


Microstructures. 


Whilst micro-examination, as has been said, is not a reliable 
method of ascertaining the amount of sulphide in or out of 
solution, it may be of interest to include typical examples of 
microstructures obtained under different conditions of treatment. 

Fig. 27 (Plate XL.) represents the type of structure obtained 
with the slowly cooled iron-sulphur alloys, and Fig. 28 shows an 
alloy of the same composition in the “as chilled” condition. 
Fig. 29 indicates the effect of continued heatings on the chilled 
alloy. It is clear from these micrographs that sulphur can be 
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retained in solution, and is deposited from solution on heating 
to above the critical temperature. 

Fig. 80 is of an iron-manganese-sulphur alloy, containing 
1-3 per cent. of manganese and 0-26 per cent. of sulphur, in the 
slowly cooled state. Fig. 81 illustrates an unetched section of 
an alloy of the same composition in the “as chilled ” state, and 
Fig. 32 is the same alloy lightly etched. 


Conclusions. 


It has been definitely shown that sulphur may be retained in 
solution in an iron-sulphur alloy by rapidly chilling the melt, 
and that deposition of sulphide of iron occurs on reheating the 
alloy to a temperature above 900° C. 

With respect to similar work on manganese-iron-sulphur 
alloys, the results are too indefinite to warrant any specific 
conclusion, but they do seem to show that manganese sulphide, 
if it is at all soluble in solid iron, is only very slightly so. 


SECTION IV.—Interim Report on tHE DENSITY OF 
MoutEeN STEEL. 
By Professor Cuciz H. Duscu, F.R.S., and B. S. Smrru, M.Met. 
(Carnegie Scholar) (Sheffield). 
Tue Heterogeneity Committee having considered that a know- 
ledge of the density and viscosity of molten steel and of their 
variation with temperature is necessary for a complete under- 
standing of the process of solidification, arrangements were made 
for this work to be undertaken in the Metallurgical Department 
of the University of Sheffield. Apart from a few early experiments 
by rough methods, the only previous determinations of the density 
of steel in the liquid state are those conducted in the laboratory 
of Professor Benedicks by D. W. Berlin.) The method used in 
the Stockholm laboratory consisted in comparing the height of a 
column of the liquid metal with that of a column of mercury 
supporting the same gaseous pressure, and great ingenuity was 
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shown in the construction of U-tubes of refractory material 
capable of retaining the metal and at the same time supporting 
the requisite pressure of nitrogen or other inert gas. For the 
present investigation it was decided to use an éntirely different 
method, partly in order to obtain an independent series of deter- 
minations, and also with a view to gaining experience which 
would be useful in the subsequent determination of the viscosity. 
The Archimedean principle was adopted, a sinker attached to 
one arm of a balance being weighed in air, mercury, and liquid 
iron or steel respectively. As it is intended to determine the 
viscosity by means of a torsional pendulum, the furnace may 
be made to serve for both series of experiments, whilst the 
construction of the pendulum may be quite similar to that of 
the sinker. 

In the construction of the furnace, which is of the vertical 
tube form, wound with molybdenum wire protected by an 
atmosphere of mixed nitrogen and hydrogen (cracked ammonia), 
much assistance was given by Dr. C. Sykes. The construction 
is shown in Fig. 38. Two concentric tubes of alundum with 
internal diameters 12-5 and 7-5 cm., respectively, are used, the 
height of the inner tube being about 60 cm., and of the outer 
50 cm. The molybdenum winding is on the inner tube, and is 
protected by the outer one from contact with the refractory 
material used for heat insulation. Commercial tubes of alundum 
were used at first, but they have since been made successfully 
in the laboratory, and the authors are indebted to Professor 
Andrew for communicating his experience in the preparation of 
such tubes. The enclosing case is of steel, and the heat-insulating 
packing is of Sil-o-cel or of crushed sillimanite, the former being 
much more effective, but sometimes giving trouble owing to its 
hygroscopic character. It is essential that all moisture should 
be driven out before the molybdenum wire reaches redness, or 
its destruction is very rapid. The gas inlet for the leading-in of 
the stream of gas from the cracking and drying train is in the 
head of the apparatus, constructed of steel tube with a screwed 
cap. The exit tubes are at the lower end, gas being taken from 
two points in the outer packing and also from the base of the 
inner tube. The tungsten-molybdenum thermocouple passes 
through the head, which is also provided with an observation 
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window. The alundum crucible containing the metal is sup- 
ported on a vertical pillar of sillimanite. 

The construction of the sinker is shown in Fig. 34. It was 
at first intended that the actual sinker should be of metallic 
tungsten, but it did not appear that any adherent coating could 
be found which would protect the tungsten from attack by the 
molten steel. Quite recently some success has been obtained in 
this direction, and experiments with a metallic sinker are now 
bemg made. The construction of the torsional pendulums used 
by Thielmann and Wimmer t is rather more elaborate than is 
necessary for the density experiments, and after many trials it 
was decided to use alundum cylinders for this purpose. The 
suspending rod is of tungsten, and its lower end is protected by 
a short length of alundum tubing, around which the alundum 
cylinder is moulded. Hach cylinder is thoroughly fired at 
1650° C. before being used. As its density is too low to allow 
it to sink in the steel, it has to be weighted, and this has been 
done by attaching a rectangular box of molybdenum sheet, 
weighted with the necessary quantity of solid tungsten. The 
depth of immersion is regulated by the two molybdenum wires 
shown in the figure, which are bent at right angles and touch 
the liquid surface at their pomted ends. The tungsten rod is 
attached to a steel rod by means of a sleeve and two screws at 
such a height that the temperature is not excessive, and this 
steel suspension ig interrupted by a right- and left-handed screw 
connection below the balance-pan so that the height may be 
readily adjusted. ‘The balance, with a hole in the case below 
one of the pans, is supported on a frame over the furnace. 

When carrying out an experiment, the air is thoroughly 
expelled from the apparatus after the crucible has been placed 
in position. The sinker, the weight of which in air has been 
determined, is supported above the level of the crucible during 
heating, and the opening through which the suspension rod enters 
the furnace is closed with fireclay, so that the current of gas shall 
pass downwards. When the metal is seen to be completely 
molten and any evolution of gas which may occur has ceased, 
the fireclay packing round the suspension is removed, the 
nitrogen-hydrogen mixture then escaping from the opening; 

1 H. Thielmann and A. Wimmer, Stahl und Eisen, 1927, vol. xlvii. p. 389. 
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the sinker with its levelling device is attached to the arm of the 
balance, and is lowered until the tips of the levelling wires come 
into contact with the liquid surface. As this surface is very 
bright and reflects perfectly, there is no difficulty in recognising 
the moment when the wires and their reflections just meet. The 
depth of immersion is then known. Much trouble was caused 
at first by the tendency of the sinker to be drawn out of the 
perpendicular and to approach the walls of the crucible. This 
has to be overcome by gently rotating the sinker in a horizontal 
plane. It is less serious the lower the centre of gravity of the 
system, and this is a main reason for the experiments with 
specifically denser sinkers referred to below. Balance having 
been obtaimed by the addition of weights to the opposite pan, 
a reading is taken, and the sinker is then raised and the thermo- 
couple lowered into the metal for the determination of the 
temperature. The sheath protecting the thermocouple has 
usually been of Pythagoras tubing, but success has now been 
obtained with tubes of zircon, prepared in the laboratory. 

After the whole apparatus has been allowed to cool, the 
current of gas being kept flowimg during cooling, the sinker is 
removed, inspected for flaws, and calibrated by weighing in 
mercury contained in a crucible of the same size as that used 
for the high-temperature experiment, the levelling device being 
used as before. It is then re-weighed in air. The constancy of 
weight and volume have been found very satisfactory, and some 
sinkers have been used repeatedly. When the exclusion of 
oxygen from the furnace has been complete, the sinkers are quite 
unattacked by the iron, which does not wet the surface. 

The correction for the expansion of the alundum is based on 
the determinations of Norton.!_ The graph showing the relation 
between the length of a specimen of alundum and the temperature 
has been determined up to 1580° C. Over the range covered by 
the experiments with steel the graph is a straight line, and the 
linear expansion of alundum may be taken as 0-0000077 per 
degree centigrade. The alundum used in making the sinkers 
approximated closely in composition and grain-size to that used 
by Norton. 


1 F. H. Norton, Journal of the American Ceramic Society, 1925, vol. viii. 
p. 799. 
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In order to lower the centre of gravity of the system, sinkers 
were made on a different plan. A mixture of tungsten powder 
with 3 per cent. of alundum was compressed and coated with 
alundum, and then fired in the furnace in which the sinkers were 
to be used. Such sinkers proved to be satisfactory, but the results 
are not included as the coefficient of expansion of the compound 
mass is unknown. Massive tungsten sinkers protected by an 
alundum wash were used for the experiments with pig iron at 
1350° to 1450° C. At higher temperatures the coating was easily 
detached, but this difficulty has now been overcome. 

The numerical results obtamed can only be regarded as 
preliminary values, but their agreement is sufficiently good to 
suggest that they are not far from the true values, although 
greater accuracy will be necessary before the temperature 
coefficient can be determined with certainty. The alloys with | 
high carbon, prepared by melting Swedish pig iron, were melted 
in a salamander crucible. The following are some of the values 
that have been determined : 


Carbon Content 


after Meleng. is Rg Density. 
0:03 1530 6-79 
0-04 1545 7-05 
0-04 1560 6-97 | Alundum 
0-04 1550 6-95 sinker 
0-04 1545 6:97 
0-04 1550 7:06 
3°38 1300 7-26 
3°54 1340 7-23| Alundum 
3°65 1320 ra sinker 
3°65 1310 7-28 
3-12 1465 7:17 
3-38 1405 7-23 Solid tungsten 
3°34 1345 7-32 sinker 
3-14 1350 7-23 


For equal temperatures, these results are lower than the final 
values given by Berlin, but are in good agreement with those 
contained in the first paper by Benedicks, Berlin, and Phragmén. 


The authors would like to express their indebtedness to the 
Council of the Iron and Steel Institute for having contributed 
towards the cost of the investigation, and for having awarded 


a grant of £100 from the Carnegie Research Fund to Mr. Smith. 
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SECTION V.—Tue Errect or Latent Heat oN THE 
SoLIDIFICATION OF STEEL INGoTSs. 


By N. M. H. Ligurroor, M.A. (Sheffield). 


Tue following is the outline of an attempt to determine the 
effect of the liberation of latent heat of fusion on the rate of 
solidification of steel ingots. A full mathematical discussion 
has been prepared, and has been accepted by the London 
Mathematical Society for publication. 

The only previous attempts to take account of latent heat 
which have come to the notice of the author have been made by 
Sait6! and Feild.2 Saito’s work does not make direct reference to 
the latent heat of fusion, but to the latent heat evolved at about 
700° C. Within the imitations of the present paper, necessitated 
by certain simplifying assumptions, the theory of the two cases 
is identical, and a direct comparison between Sait6’s results and 
those of this investigation is possible. The results of Feild do 
not agree with those of this paper ; some of his assumptions are 
difficult to follow, as the mathematical reasoning ig omitted. As 
the solutions given below do satisfy all the mathematical condi- 
tions required, in the steel and at the boundary, they would 
appear to be correct, within the limitations mentioned above. 

The assumptions made are that the diffusivity «, the specific 
heat ¢, and the density pe, of the steel are constant for all 
temperatures, and the same for liquid as for solid steel. In the 
case in which a mould is considered, these constants are assumed 
to have the same values for the mould ag for the steel. No 
account is taken of convection currents in the molten metal, 
nor of the separation of the ingot from the mould. While it is 
realised that these conditions are far from those obtaining in 
practice, they do render the mathematical discussion more 
tractable, and it is hoped that the general effect, of latent heat 
on the cooling process will be evident from the results obtained. 


+ §. Sait6, “On the Distribution of Temperature in Steel Ingots during 
Cooling,” Science Reports of the Tohoku Imperial University, 1921, vol. x. p. 305. 
(See §§ 10 and 11, and Plate X XIX.) 

® Alexander L. Feild, “Solidification of Steel in the Ingot Mould,” T'rans- 
actions of the American Society for Steel Treating, 1927, vol. xi. p. 264. 
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Even with these assumptions it has been found possible to 
deal with only some of the simplest types of boundary conditions. 
Those discussed are : 


I. “ Semi-infinite’ mass of molten steel, originally at con- 
stant temperature, the boundary x =0 being always at 
constant (zero) temperature. 

IT. “ Semi-infinite ’’ mass, as in I., but placed in contact along 
the plane «=O with a semi-infinite mass of steel 
originally at constant (zero) temperature. 

III. Slab of constant finite thickness, but otherwise of infinite 
extent, originally at constant temperature, the bound- 
ing planes 2 =0 and «=a being at constant (zero) 
temperature. 


The first two cases have been solved exactly. The solutions 
will apply approximately near the surface of a cylindrical ingot 
at the beginning of the process of solidification. Case II. will 
give a first approximation to the effect of a mould of finite 
thickness. As soon as the outer surface of such a mould has 
reached a sufficient temperature for appreciable radiation to 
take place, the approximation will be no longer valid. Case III. 
has been solved only approximately, but gives an indication of 
the velocity of the wall of solidification when it reaches the 
centre of the ingot, and can be compared with Sait6’s result, 
which is obtained by graphical approximation. 

In each of the above cases, any plane parallel to the plane 
xz = 0 will be an isothermal plane, and the wall of solidification 
will be a plane at constant temperature, separating the liquid 
from the solid steel, and moving in a direction perpendicular to 
itself. Ags the plane advances, latent heat will be evolved owing 
to the solidification of the molten steel. This heat must be 
conducted away, and this necessitates a discontinuity in the 
temperature gradient at the plane concerned. 

If the position of the plane of solidification be assumed to be 
given at any time t by the equation 


x = iO 


1 Loc. cit. 
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and if v, and v, are the temperatures in the solid and liquid steel 
respectively, both being functions of both a and t, the conditions 
to be satisfied are : 


(x) v, and v, must both satisfy the equation of conduction 4 
—namely, 


a = Kona - , 5 , cms Gk) 
(8) v; must satisfy the conditions at the boundary x = 0, 
and v, must satisfy the initial conditions, when t = 0. 
(y) At the moving plane of solidification the rate of evolution 
of heat must be exactly equal to the rate at which heat 
is conducted away from the plane—that is, 


wep 2 a ue oe 8 eh 
where A is the latent heat of fusion. The left-hand 
side of equation (2) represents the rate at which heat 
is conducted from unit area of the plane x = f(t),) and 
the right-hand side the rate of evolution of latent heat 
per unit area. 

(Sd) v, and v, must be continuous, though their space gradients 
are discontinuous at the plane of solidification, and if 
V is the freezing temperature, the equations 


Oh == Oy == |” 


must hold when « = f(t) is substituted in the expressions 
for v, and v,. 


These conditions are theoretically sufficient to determine »,, 
Vg, and the function f(t). The solutions which have been obtained 
in cases I. and II., and the approximate solution in case III., are 
now given. 

Case I. “* Semi-infinite”’ mass of molten steel, originally at con- 
stant temperature, the boundary (x = 0) being kept at constant (zero) 
temperature.—The original constant temperature of the molten 
steel is taken as ®, and the freezing temperature V. The plane 
x = 0 is constantly at zero temperature. 


1 Carslaw, ‘‘ The Conduction of Heat.’’ 


ee 


a 
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It is found that 


f(t) = 2kV xt. : : ? ’ : 2 (3) 
ee 
, (7a) 
= @(k) (4) 


where k is determined by 


= 60(k) + Vine gl o(k) {1 = @(k) } Sa We) 13) 
and 


2 2 
oy) = rahe du, the error function. 
0 


Thus v, is the temperature when x <2k/«t, and v, when 


a> 2kVx«t. It is easily verified that all the conditions are 
satisfied. For, 


(a) v, and v, are easily proved to be solutions of equation (1). 


(8) As y > co, @(y) > 1, and when y = 0, O(y) = 0; thus as §>0, x, > 4, 
the original temperature, while when x = 0, v, = 9, the constant tem- 
perature at the boundary. 


(y) xe ee Ov» | tp eg! SO) 
ee SNe aw et a(t) {1 — eck) | 
= , by equation (5), 
= Apf’(t) 


(5) When a = 2kV«t, v, and v, are each equal to V. 


When latent heat is neglected the constant k is given by the 
equation 
V = 00(k) silica, Sigel s Oe ges(6) 


The rate of advance of solidification is 


i) =A" 


_ 2h 
- @ 


Thus the ratio of the actual speed with which the wall of solidi- 
fication passes any particular point to the speed calculated when 


1 Tables of the error function are available in Silberstein, “Synopsis of 
Applicable Mathematics.” 
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latent heat is neglected is the square of the ratio of the values 


of k found from equations (5) and (6) respectively. 
As a numerical illustration the following values of the constants 


were taken?: 

1600° C. 

1500° C. 

48 cal. per grm. 
0-12. 

0-0974. 


Zar se 


He i id 


The value of k obtained from equation (5) is 0-898, and that from 
equation (6) is 1-317. Thus, the ratio of the actual speed at any 
point to the speed calculated when latent heat is neglected is, in 


this case, : 
(=o, 
This ratio shows the importance of the effect of latent heat. 

The temperature distributions near the boundary at different 
times, calculated from equations (4), are shown graphically in 
Fig. 35, and the corresponding curves when latent heat is neglected 
in Fig. 36. The position of the plane of solidification at any time 
is shown in Fig. 87, curve A, and the position when latent heat 
is neglected in Fig. 37, curve B. . 

Case II. “ Sema-infimte”’ mass of molten steel, originally at 
constant temperature, placed in contact at the plane x =0 with a 
semi-infinite mass of steel originally at constant (zero) tempera- 
ture.—The initial conditions are 

Oi OPLOren as 
and 
v = %, for x > 0. 


The solution is 
f(t) = 2kv ut 


“= pam! + (aval | 


‘fi . . (7) 
V — #0(k) o- V7 melee: 
Ce Ski we ORE (7a) 
where now 
y=(1+00)} {5+ 4 . Yet — oc} a> «avi8) 


1 These values were suggested by Mr. J. Woolman, of the Brown-Firth 
Research Laboratories, Sheffield, to whom the author is indebted for much 
valuable practical information. 
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It is easily proved, as before, that the initial and boundary con- 
ditions are satisfied. It should be noted that if x is negative, 


os) —> — last— 0, giving v, = 0 whené = 0, 
2V Kt 
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Using the same numerical values as in case I., it is found 
from equation (8) that 
k = 0-6265. 


The temperature distributions for the same times as in case I. 
are shown in Fig. 38 (p. 872). 
1929—1. 2B 
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This is the problem investigated by Feild,! in the particular 
case of 0 = V, or when the steel is originally just at the freezing 
point. It should be noted that in this case equation (7) gives 
v, = V for all values of x and t, as was to be expected. 
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Fig. 36. 


The numerical values used by Feild are : 


V=#=1500° C. 

Nees 

Or oiltsy 
thermal conductivity, K = 0:07 = xcp, 

p= -5. 
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With these values it is found that 
k = 0-682. 
Thus, the position of the wall of solidification at time t is, 
% = 2h xt 
= 0:34Vt. 
The value obtained by Feild is 
«= 0-88V1t. 


It should be noted that Feild makes the same assumptions 
as to the physical conditions as are made in this paper. 
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Case III. Slab of constant finite thickness, but otherwise of 
infinite extent, originally at constant temperature, the boundary 
planes (x =0 and x =a) being kept at constant (zero) tempera- 
ture.—The initial and boundary conditions assumed are 


» = &, when t = 0,0 <4 <a, and 
v = 0 at a2 = 0 and a =a, for all values of t. 


It has not been found possible to obtain an exact solution in 
this case, except for the particular value of the initial temperature 
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® —V. In this case there is no temperature gradient in the 
liquid, and solidification proceeds from each of the boundaries 
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independently, until the process is completed. The solution in 
this particular case is 


f(t) = 2kV et 
Var AF eke (k) 
Tey (ae 
r9(s 7a) 


y= ah)” when « < Qh ct 


v, = V, when 2kV ct <a <a — 2h xt 
ve‘, ame 
2V Kt 
@(k) 


Y= , when a — 2kWV nt <a <a. 
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The reason for the two separate expressions for v, is that there 
are now two moving planes of solidification, given by 


% = 2hV xt and 
x=a-— Qh ict. 


Again it is easily verified that this solution satisfies all the 
required conditions, initially and at the fixed and moving 
boundaries. 

In the more general case only an approximate solution has 


been obtained. If it be taken that 


when 0 < x < 2kV xt, 


Vo a8 ape Pos 
a eal eal 8 bse RE erat 


and when 2kV kt < «<a — 2kv xt, 


, V — ¢0(k) o—V Sm le(me +z 
meh) * T= ok s[elaza) +E a ley a) 


where the temperature when a — 2k~/«t <a <a is deduced from 
the expression for v, by substituting (a — x) in place of «x, and 
where f(t) and k are given by equations (8) and (5) respectively, 
it is found that all the conditions except (8) are satisfied ; the 
temperature at the plane where a = 2kV/«t is not equal to the 
freezing temperature, but to 


V S(_1)"JLo ee 
ie ag asia ea (svat t) (Va ‘)} ere 
If, however, ¢ is small the variable part of the expression (10) is 
very small, and it is found that with the same numerical values 
as in case I. the temperature at the plane given by « = 2kVxt 
differs from 1500° C. by less than about 17° C., until this plane 


reaches the position | aN se Thus, until this stage is reached 


3° 
a very good approximation to the temperature is given by 
equations (9). 
After this stage is reached, the discrepancy becomes rapidly 
more serious, and in order to get a fairly close approximation, it 
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is necessary to assume a different form for f(t). The expressions 
for the temperature become very complicated, and can only be 
given in terms of a constant, the value of which must be adjusted 
in any particular numerical case so as to make the temperature 
at the plane of solidification as nearly as possible constant. 

It is found that for the same numerical values as in case I. 
the position of the moving solid boundary at any time ¢ is given 
approximately by 

& = 1-786V xt, for0 <a < = and 
am = 3-639a — 5-290V0-42750" — ut, for <2 < F. 

The expressions for the temperature are not given because of 
their extreme complexity, nor has the temperature distribution 
been calculated for this case because the arithmetical labour 
involved is enormous, but it has been verified that all the condi- 
tions required are satisfied, except that the temperature at the 
plane of solidification is not exactly 1500° C., but differs from 
this value by not more than about 1-5 per cent. for any value 
of t. Thus, the above approximation may be taken to represent 
with considerable accuracy the position of the wall of solidifica- 
tion at any time. Fig. 89, curve A, shows this position graphi- 
cally, and Fig. 39, curve B, shows the corresponding relation 
when latent heat is neglected. The entirely different character 
of the two curves near the central plane of the slab should be 
noted. It is evident that as the plane of solidification approaches 
the central plane its velocity is practically constant, while in the 
case where latent heat is neglected this velocity tends to infinity 
at the central plane. 

The method has also been applied to the case discussed by 
Sait6,! in connection with the heat evolved at 700° CG. The 
numerical values used by him are 


@ = 850° C. 
V = 700° C. 
a = 20 cm. 
« = 0:0974. 
A = 18-2. 
C= 02125 


1 Loc. cit, 
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| The formule giving the approximate position of the plane at the 
temperature 700° C., obtained by the author’s method, are 


% = 1-571V xt, when 0 <a< ri and 


. 


x = 6-926a — 8-12*/0-7015a® — xt, when ¢ <e< 


¢€ 


b/s 


Again it has been verified that at the moving plane given by 
these formule the temperature differs from 700° C. by not more 
than about 1-5 per cent. for any value of ¢. 


0-06 
0-05 
0:04 
Ko/Q2 
0-03 


0:02 


0-0) 


The position of this plane at any time is shown graphically 
by curve A in Fig. 40. Curves B and C are reproduced from 
Saitd’s paper, and show, respectively, his approximation to the 
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position of the plane when latent heat is taken into account, 
and the position of the plane when latent heat is neglected. It 
should be observed that his graphical approximation tends to 
verify the results of this paper. It seems likely that had he 
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obtained a second approximation it would have been still nearer 
to the result obtained by the present author. 

Again the importance of the effect of latent heat is apparent in 
the different characters of the two curves A and C of Fig. 40. It 
appears that in this case also the velocity of the critical plane is 
practically constant as it approaches the centre of the slab. 


; 
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DISCUSSION. 


The Report was discussed at the Additional Meeting held at 
Glasgow on May 9, 1929. 


Mr. T. M. Service (Glasgow) said the thermal method adopted by 
Professor Andrew and Dr. Binnie had not been used previously in 
determining the solidus, and the authors were to be congratulated 
on their perseverance in dealing with and overcoming the furnace 
difficulties experienced during the course of the work. The results 
obtained by that means of investigation agreed well with those 
obtained by other methods. One interesting point brought out in 
the investigation was that in carbon and nickel steel, provided the 
manganese was under 0-5 per cent. in the first and 0:45 per cent. 
in the second, the lquidus and solidus curves agreed well with the 
iron-carbon diagram. In everyday works experience one found that 
in straight carbon steels definite mechanical results could be obtained 
by keeping the manganese content constant at about 0-5 per cent. 
and varying the carbon, or by keeping the carbon content constant 
and increasing the manganese, the greater effect of the latter being 
obtained when 0-7 per cent. was exceeded. In the case of nickel or 
nickel-chrome steel the manganese content of 0-45 per cent. agreed 
well with everyday experience, as it was found that with a manganese 
content of over 0-5 per cent. the difficulties encountered in treating 
masses of those qualities were increased through greater hardness, 
increased liability to clinking, or formation of hair-line cracks, &c. 
Whether the solidification range had any bearing on the alteration of 
the properties found in a steel with the higher manganese content, 
further investigation might prove or disprove. The authors had 
extended the point B from 0-36 to 0-71 per cent. of carbon—that was 
the line PQ in the iron-carbon diagram (Fig. 9) showing the beginning 
of the deposition of 5 mixed crystals now ended at 0-71 per cent. of 
carbon. 

According to the authors’ theory relating to the peritectic change : 


(1) A steel ingot, on complete solidification and still at a high 
temperature, was far from homogeneous, and 
(2) Diffusion did not occur on a falling temperature (see p. 340). 


The experiment described on p. 339 and the result of the examina- 
tion given on p. 340, illustrated by Figs. 10 to 15 (Plates XXXVI. 
to XXXVIII.), showed that in order to get complete carbon diffusion 
the material must be heated to a point short of incipient melting— 
that was, area 2 in Fig, 8. The theory of the peritéctic transforma- 
tion and the above-mentioned experiment agreed well with everyday 
experience; it was well known that steel ingots were very hetero- 
geneous in the cast condition, and that little diffusion of carbon 
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occurred during cooling. On reheating, the amount of diffusion taking 
place depended on the speed of heating and on the final temperature 
to which the material was heated—that was, uniform heating—and the 
higher the temperature the greater the diffusion. An illustration of 
that point was the case of rolled ship or boiler plates. When cast 
they were lifted as soon as the ingot was set—in some cases the centre 
might even be plastic—transferred to heating furnaces and heated to 
temperatures varying between 1150° and 1300° C., cogged, and rolled 
to plates. Under the microscope sections taken from plates often 
showed a lamellar structure—that was, bands of ferrite and pearlite. 
It had been put forward as a reason for the existence of those ferrite 
bands that they might contain a high phosphorus content, or that 
. silicates caused a migration of carbon, but Whiteley after investigating 
those suppositions came to the conclusion that some other reason 
must be found. 

The idea put forward by the authors that steel immediately below 
its solidification point was not homogeneous, but consisted of large 
areas of iron almost free from carbon originally deposited in the 
8 form and areas higher in carbon, coupled with the fact that little 
diffusion took place on cooling, suggested an. explanation. The 
non-homogeneous ingot was lifted hot, transferred immediately to 
a reheating furnace, and kept at a temperature somewhere in the 
neighbourhood of 1200° C.; little or no diffusion took place, due to 
the fact that the greatest amount of diffusion occurred on a rising 
temperature, and the amount of that was a function of time and 
temperature. The lamellar bands of ferrite and pearlite, he thought, 
were a result of the non-homogeneity of the original ingot. 


The Report was further discussed at the Additional Meeting held 
at Sheffield on May 15, 1929. 


Mr. EK. H. Sanrrer (Vice-President) said that he had always main- 
tained that manganese sulphide did not exist in steel until the steel 
was close to the solidifying point; he based that contention on the 
fact, so well established by the Committee on the Heterogeneity of Steel 
Ingots, that there was practically no corresponding segregation of 
manganese along with the sulphur. He must agree that up to date, 
as Professor Andrews and Dr. Binnie said, there was no definite con- 
clusion on that rather important point. They were of opinion that 
manganese sulphide was not soluble in solid steel, but that hardly 
met the point that they went out to investigate, although it was useful 
information to have. Under certain circumstances, they found that 
iron sulphide was soluble in solid steel, but was liberated on reheating. 
He suggested that the authors should continue their investigations, 
and try to discover at exactly what temperature manganese sulphide 
could exist. 
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Dr. W. H. Harrienp (Member of Council) said on behalf of the 
Committee that they were anxious to have comments on the Report. 
They were trying to build up that fundamental knowledge which was 
necessary before they could really attempt to draw a picture of the 
freezing of an ingot, and they hoped that the various sections of 
the Report would receive very serious consideration. For instance, it 
would be of value to them to know whether the thermal method was 
considered a satisfactory one for laying down once and for all the 
liquidus and solidus of commercial steels. 


The CHarrman (Professor C. H. Desch, F.R.S.) called attention to 
one of the more important conclusions in Section II. It would be 
seen that the authors laid very considerable stress on the peritectic 
change, which they said extended as far as 0:7 per cent. of carbon. 
That, in fact, was in accordance with the earlier determinations, 
although by a curious error all the text-books and later papers had 
set that limit at about 0-35 per cent., instead of 0-7 per cent., where 
it should be. The authors had concluded that the separation at that 
point accounted for a large part of the structure of an ingot—that, 
in fact, a great part of the ferrite which was observed afterwards in 
comparatively low carbon steels had not been formed by a secondary 
change from austenite, but had resulted from the original peritectic 
transformation. That was a very novel and controversial view. As 
regards Section V., by Mr. Lightfoot, previous work on the analysis 
of the solidification of steel ingots had been vitiated by the very large 
assumptions which had been made. Several papers, such as that of 
Feild referred to, had been very frequently quoted, but the reasoning 
contained in them was completely false. The much more serious 
paper by Sait6 led to results which were not consistent with what was 
observed, and Mr. Lightfoot had carried the mathematical study of 
that process much further than Saito had done. 


Mr. H. Surron (Farnborough, Hants.) asked Mr. Lightfoot whether 
he considered that the supercooling of steel would seriously affect 
the conditions obtaining in an ingot, and also whether the fact that 
the freezing might be rapidly followed by the peritectic thermal change 
in carbon steels containing up to 0-7 per cent. of carbon would also be 
likely to have a very serious effect. It might be, of course, that the 
amount of heat associated with the peritectic change would be very 
small compared with that of the latent heat. 


Mr. F. L. Tryexe (Sheffield), referring to Professor Andrew’s point 
concerning the slower diffusion of carbon that occurred in steel ingots, 
desired to ask him (Professor Andrew) to explain the distinct line of 
demarcation between areas 1A and 1B in Fig. 10. Had that come about 
as a result of the steel being overheated, or was it due to the segrega- 
tion of an element other than carbon, such, for instance, as silicon ? 
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If not, then the appearance of that micrograph suggested that rapid 
diffusion had taken place at some stage of the heat treatment, rather 
than slow diffusion. 


CORRESPONDENCE. 


Professor C. Benrpicks (Hon. Vice-President) (Stockholm) wrote : 
The result of the thermal analysis reported in Section IT. is very grati- 
fying, and proves the pure iron-carbon diagram to be valid for the 
commercial steels. It is desirable, however, that details should be 
added regarding the character of the melting and freezing curves— 
whether they are differential curves (no comparison body is mentioned) 
or inverse rate curves. A temperature scale would be highly desirable ; 
at present it is impossible to check the temperature readings, as, for 
instance, in Fig. 4, W, where the same temperature, 1472° C., is 
indicated at two rather widely differing points. 

The possibility of checking the temperature readings is not a matter 
of indifference, as the diagram given differs considerably from that 
obtained by Ruer and Klesper?; in the latter the point C was found 
to be situated at 0-4 per cent. of carbon, while the present authors 
now indicate the astonishingly high value of 0-7 per cent. As a matter 
of fact, the former value, or at most 0-5 per cent., seems to square the 
present observations better than 0-7 per cent. 

The authors assert that the usual way of interpreting the peritectic 
transformation is misleading, as the change solid A + lquid C = 
solid B, which has a tendency to diminish the number of phases existing 
at the peritectic temperature, is said to be not in accordance with the 
phase law (p. 341). This statement—the present writer is sorry to 
say—is based on a misunderstanding. On abstracting heat from the 
system Y, the temperature decreases ; two phases exist, one correspond- 
ing to PA and one to PC (Fig. 9). This goes on until the peritectic 
temperature, characterised by the fact that the phase A begins to 
react with the liquid phase C, forming a new, third phase B, is reached. 
The heat generated in this reaction causes a cooling arrest at the peri- 
tectic temperature with all three phases present until the phase A finally 
disappears ; only then will the fall of the temperature continue. 

It is of course quite permissible to consider the peritectic trans- 
formation as being “a transference from one system to another” 
(p. 343), but there is no justification for saying that “ the sharpness 
of the point” shows that the peritectic point is not due to the interac- 
tion of two phases ; we have only to consider the extreme sharpness 
of a eutectic point observed on heating, where two solid phases 
interact at a strictly constant temperature. 

As for the phase rule, it may be pointed out that the theory of 


1 See R. Ruer and F. Goerens, Perrum, 1917, vol. xiv. p. 161; or P. Goerens, 
“ Hinfiihrung in die Metallographie ”’ (Halle-a.-S., 1922), p. 228, Fig. 201. 
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heterogeneous equilibrium necessitates a definite angle between the 
liquidus PC (Fig. 9), corresponding to the solidus PA, and the adjacent 
liquidus which corresponds to solidus BQ. Such an angle is actually 
introduced into Fig. 9—though not in Figs. 5 to 7—but the equilibrium 
theory demands the angle to be such that the extension of the second 
liquidus falls inside the angle PCA, not beyond. 

The micrographs, Figs. 10 to 15, are extremely beautiful ; unfortu- 
nately it seems impossible to decide from them whether the structures 
are influenced in a noticeable way by the peritectic transformation. 
Apparently, the appearance of heterogeneity might be explained 
without considering this transformation. 


Professor C. Benepicks (Hon. Vice-President) and Mr. H. Lérquist 
(Stockholm) wrote concerning Section III.: The question regarding 
the solubility of sulphur in iron in the absence or presence of manganese 
is a very important point for the slag problem, and well deserves 
consideration. Previously it has been supposed that the solubility 
of sulphur in y-iron is higher than in «iron. The results reported by 
Friedrich,t however, are rather doubtful; hence it is very valuable 
that the present determinations by means of a series of cooling curves 
seem to have well established this fact. Of course, it must be kept 
in mind that the solubility of sulphur depends considerably on the 
simultaneous presence of oxygen. 

Regarding the solubility of the MnS phase—known to contain up 
to 50 per cent. of FeS—in molten iron, it is of interest to find, from 
the data given in the Report, that an alloy containing 1-3 per cent. 
of Mn and 0-26 per cent. of § will, on solidifying, form primary iron 
dendrites (see Figs. 30 to 32), surrounded by regions which may be 
regarded as representing the eutectic mixture Fe + MnS. This is 
of some interest regarding the situation of the corresponding eutectic 
curve. This part of the Fe-Mn-S system has been drawn by the 
present writers.2. The observation shows that the curve HF must 
actually be situated so that the point falls below it (on the liquidus 
surface of iron). 

It may be noticed that the critical point found to occur at 750° C. 
in the binary system Fe—Mn (Fig. 26)—included as important to know 
in the present case—differs widely from earlier observations. For a 
content of 1-5 per cent. of Mn, Esser and Oberhoffer * found Ar; to 
occur at 810° C., or 60° higher. The critical temperature observed, 
817° C. (Figs. 24 and 25), must represent a definite point on the y—« 
transformation surface of the iron phase in the ternary system Fe-Mn-S. 
This surface could be determined if some additional similar determina- 
tions were available. 


1 K. Friedrich, Metallurgie, 1910, vol. vii. p. 257. 

2 International Congress for Testing Materials (Amsterdam, 1927), p. 265, 
Fig. 3. “0 
3 Werkstoffbericht des Vereines deutscher Hisenhiittenleute, No. 69, 1925. 
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Professor C. Bmnepicks (Hon. Vice-President) (Stockholm) wrote 
concerning Section IV.: The determinations of the specific gravity of 
molten metals executed in Stockholm have been entirely confined to 
the method used there (communicating U-tubes), as this was con- 
sidered far more reliable than any other method conceivable. Hence, 
it is very interesting to learn something regarding the results obtain- 
able by means of the Archimedean principle. The main difficulty of 
this method—apart from that of knowing exactly the volume of the 
sinker—is the unknown capillary action at the surface of the molten 
metal. 

In Table A are reproduced the values given by the present authors 
and the corresponding values obtained at the Stockholm laboratory 
in the latest and most accurate determinations by N. Ericsson and 
G. Ericson. The values for low carbon were actually measured, the 
others interpolated. 


TaBLE A.—Comparison of Sheffield and Stockholm 
Density Determinations. 


Density. 
Carbon ee Temperature, - 
9 OG 3 
o Sheffield Stockhol A 
Detcrminatlone Decrainatiout Difference. 
0-03 1530 (6-79) 7-18 
1545 7:05 7:17 
1560 6:97 7-16 
0-04 1550 6-95 les 
( 1545 6-97 sae 
1550 7-06 
Mean 0-04 1545 7:00 Woy + 0:17 
3°38 1300 7-26 6:93 — 0:33 
3°54 1340 7-23 6-83 — 0-40 
3°65 1320 7-31 6-88 —-()-43 
3°65 1310 7-28 6-89 — 0-39 
3°12 1465 eles 6:77 — 0-40 
3°38 1405 7°23 6-82 — 0-41 
3°34 1345 7-32 6-88 — 0:44 
3°14 1350 7-23 6-90 — 0:35 
Mean 3-40 1355 7:25 6:86 — 0:39 


As will be seen from the lower part of the table, the difference 
between the two sets of determinations is a remarkably constant one. 
This indicates that, apart from sources of error due to the methods, 
each set may be rather satisfactory. The mean difference, — 0-39, 
however, is an astonishingly large one. 
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It may be supposed that there is no considerable error due to the 
volume of the sinker. On the other hand, on account of the large 
diameter of the stem of the sinker (8 mm.), it is evident that the error 
due to capillary action may be very considerable. The apparatus 
is calibrated by weighing in mercury at room temperature t, so that 
correct results are to be expected only in the case of a metal possessing 
at a temperature 7' a capillary constant, «7, equal to that of mercury 
(xxg,t). If er of the metal to be determined is larger than «z4,t, the 
(apparent) density obtained must be too high; on the contrary, if 
ap is less than «zq,1, the density obtained must be too low. From this 
the interesting conclusion may be drawn, that the capillary constant 
of pig iron at about 1350° C. is considerably higher than that of mercury 
at room temperature. Further, on account of the difference in the upper 
part of the table (+ 0-17) being of different sign, we may conclude that 
the capillary constant of iron at about 1550° C. is actually lower than that 
of mercury at room temperature. These conclusions, of course, are valid 
only on the probable supposition that the other possible sources of 


- error in both methods used are small in comparison with that of the 


capillary action. 


Mr. G. F. Comstock (New York) wrote: The careful work of 
Professor Andrew and Dr. Binnie on the difficult subject of the liquidus 
and solidus curves of commercial steels will surely be appreciated by 
metallurgists, and the writer would not wish to appear inappreciative 
of its value in offering the following criticisms of some details of possibly 
minor importance. 

The authors’ interpretation of their micrographs on Plates XXXVI. 
to XX XVIII. does not seem entirely justified by common experience 
with cast steel. Structures similar to all those shown are not at all 
rare in steel castings that have not been annealed, or that have been 
“annealed” ineffectively. The accompanying Fig. A (Plate XLa.), 
for instance, taken from the interior of an ordinary test-bar casting, 
shows a structure similar to the authors’ Fig. 10. In this instance, 
the structure could not possibly be due to a temperature gradient, 
but must be explained rather on the basis of segregation or different 
erystallising tendencies of the separate austenite grains. Might not 
a similar explanation also fit the authors’ Fig. 10? Their Fig. 11 would 
seem to show merely a sorbitic structure, due to comparatively rapid 
cooling through the critical range, rather than a migration of carbon. 

The interpretations given for Figs. 12 and 15 are that the former 
shows incipient melting, while the latter shows complete melting. 
This is difficult to understand, since these structures appear to be of 
exactly the same type, Fig. 15 simply being somewhat coarser than 
Fig. 12. It is not clear just what the authors consider to be a sign of 
melting in these structures, unless it is the areas showing the very fine 
mixture of pearlite and ferrite. Such areas have often been seen in 
the examination of cast steels in the writer’s laboratory, where they are 
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called “‘ feathery structure,” as distinct from “angular.” How can 
this structure be considered as an indication of melting, when it may 
be found as any fraction of the total structure, from zero to nearly 
100 per cent., in steel castings, all of which cooled from the completely 
molten to the completely solid state in the mould ? The accompanying 
Figs. B and C, for instance, show in one case an angular structure 
with one spot “ feathery,” and in the other case a “ feathery ” structure 
with a little angular, both in steel as cast. One steel here could not 
have been any more molten than the other, either during or after 
casting. 

It is regretted that this criticism cannot be of a more constructive 
nature, but the fact is that the writer is unable to offer a satisfactory 
explanation for this variation in structure of cast steel, and hopes that 
the authors may throw more light on the subject in their reply. The 
“feathery ” structure has been found more often in titanium-treated 
than in untreated cast steel, and also is more common in thin castings 
that cool rapidly. An explanation based on rate of cooling would seem 
more satisfactory than the authors’ apparent connection of this structure 
with melting. 

In drawing conclusions as to diffusion from the authors’ results 
with the small piece of steel illustrated by the micrographs that have 
just been discussed, it should be borne in mind that there was a marked 
temperature gradient in the sample, and also that the alundum casing 
may have had an effect on the carbon content at points raised to certain 
temperatures. It does not seem to follow necessarily that in the 
interior of a larger mass of steel, heated uniformly, diffusion would 
be as slow, or as irregular in its results, as was found in the authors’ 
experiment. 

Another point that was of special interest to the writer was the 
difference in the arrangement of the manganese sulphide inclusions 
shown on Figs. 30 and 32. The difference here is explained on the 
basis of cooling speed, which seems entirely reasonable in this instance. 
It is a fact, however, that steel castings treated with aluminium almost 
invariably have the network sulphide arrangement illustrated by 
Fig. 32, while castings made without aluminium more often have the 
typical globular sulphides as illustrated by Fig. 30, though generally 
more evenly scattered. In foundry experience this effect is obtained 
irrespective of size of casting or rate of cooling. This has been described 
by the writer, and the explanation tentatively offered was that alu- 
minium may increase the solubility of the sulphides in the steel so 
that they are not precipitated until the steel becomes too viscous to 
permit them to agglomerate into larger spheres. Can the authors 
offer any further explanation of this peculiar effect of aluminium on 
sulphide inclusions in steel castings, in view of their work on sulphides 
now under discussion ? 


1 Tron Age, 1924, vol. exiv., Dec. 4, p. 1477. 
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Dr. M.S. Fisher (London) wrote that he thought that the difficulty 
encountered by Professor Andrew and Dr. Binnie in measuring tem- 
peratures above 1400° C. with the heating current on (Section II.) 
must have been due to the fact that the furnace winding was at a 
potential below earth-potential, the positive side of the supply current 
being earthed instead of the negative side. The authors found that 
no improvement was made by charging the grid to various poten- 
tials. Did they try the effect of a negative potential of the order of 
250 v. 2 

The authors’ interpretation of the peritectic transformation was 
interesting in that it tended to simplify a difficult problem. One point 
in their argument, however, was open to question. On p. 343, par. 3, 
the authors said: ‘‘ Consider an alloy of composition Y. Freezing 
will begin at F’,, and at a lower temperature, f, there will be present 
relatively af of liquid and fe of solid (8-iron with some carbon in solu- 
tion). Below the peritectic temperature, at f,, when equilibrium has 
been established there would be relatively f,c, of the B constituent, 
and ef, of the liquid remaining. It is thus seen that as the peritectic 
change is passed through the solidus changes from PA to BQ and an 
amount of solid approximately equal to (Af, — Bf) will separate and 
freeze spontaneously.” The authors apparently meant that when 
the peritectic reaction began, the 6 solid solution previously deposited 
was practically isolated from the system ; the liquid, in effect, started 
to freeze over again, depositing austenite of composition B. An effect 
approximating to that outlined in the preceding sentence was commonly 
produced at the peritectic transformation, because of the slowness of 
solid diffusion. But partial isolation of the 8 solution from the system * 
would not result in spontaneous freezing of an amount of solid approxi- 
mating to AB. If the & solution were completely isolated from the 
system, the active part of the alloy would consist of liquid of composi- 
tion C. The amount of solid that would form under those conditions, 
when the temperature passed through the peritectic temperature and 
fell to that of line a,f,c,, could be found by dropping a perpendicular 
from point C to line a,f,c,, meeting that line at, say, c.. The amount 
of solid forming in the interval specified would then be represented by 
segment ¢,C, of line ec,, which would be very small if line a,f,c, were 
close to line ABC. Under those conditions, the evolu‘ion of heat 
caused by solidification at the peritectic temperature would be 
extremely small. The amount of solid that formed at the peritectic 
transformation depended on the extent to which the 8 solid solution 
reacted with the liquid. Only under ideal conditions, when the reac- 
tion went to completion, would the amount of solid formed at that 


C C 
temperature be represented by the difference between and oF 


Dr. J. M. Roserrson (London) wrote that many new conceptions 
had been proposed, particularly in Section If., and it would be some 
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time before the implications of those ideas would be embodied in our 
general view of the phenomena. In one part of the Report Professor 
Andrew and Dr. Binnie had applied some of those new ideas to the 
interpretation of microstructure, but he (Dr. Robertson) did not think 
that their explanation was the only one possible. The structure 
shown at the right-hand side of Fig. 10 was common enough, and the 
factors which caused its formation were fairly simple. They need not 
be described in detail; it was sufficient to say that the formation of 
that structure was influenced by the size of the austenite grains, the carbon 
content, and the rate of cooling. It was more easily produced in large 
grains than in small grains, and it was associated with overheating, 
because overheating produced large grains of austenite. The struc- 
ture in question was not associated with any particular temperature 
above which the steel must be heated to produce it. The difference 
between areas 1A and 1B in Fig. 10 was not due to the difference in the 
temperature at which they were heated. They were simply two 
adjacent large grains which were probably very similar in three 
dimensions, but appeared different on a plane section which cut the 
grains at different angles. It was obvious that the ferrite needles 
in area 1B would not necessarily have the same elongated form if a 
section were cut at right angles to the surface shown in Fig. 10, for no 
elongated shapes looked the same in all directions. Those needles 
might be prisms or plates. If they were rough prismatic shapes with 
one long axis, their appearance on a surface at right angles to that 
of area 1B would resemble the structure shown in area lA. The same 
argument applied to the structures in Figs. 13, 14, and 15. All those 
- structures might be explained by assuming that the whole specimen 

consisted of approximately similar grains, each of which was composed 
of a framework of ferrite plates or prisms, parallel to the crystallo- 
graphic planes in the austenite. The spaces in that framework would 
of course be filled with pearlite, and the respective amounts of ferrite 
and pearlite on any plane section, and the distribution of those con- 
stituents with respect to each other, would depend on the angle at 
which the grain was cut. The structure shown in Fig. 12 was different 
from the remainder of the structures, because in that area the austenite 
crystals were relatively small compared with the others. 


Professor ANDREW and Dr. Brnnix, in a written reply to discussion 
on Sections II. and III., thanked Mr. Saniter for his useful comments. 
His suggestion that manganese sulphide did not exist in steel until 
the temperature approached the freezing point was a view held by 
many, and it was their intention to investigate that possibility as soon 
as possible. 

With regard to the point raised by Mr. Tingle, the authors believed 
that the line of demarcation was due to the promotion of rapid 
diffusion by overheating, They did not contend that diffusion was 
slow under all conditions; it might occur rapidly under a rising or 
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at a steady temperature, but only to a small extent on a falling 
temperature. 

They welcomed the remarks of Professor Benedicks. Their curves 
were all plotted as inverse-rate curves. Since three different thermo- 
couples, which differed slightly from one another, were used in this 
investigation, and since millivolt-time readings were taken, to have 
plotted these on a definite temperature scale would have necessitated 
a considerable amount of work, so it was thought that if the actual 
temperatures of the critical changes (as taken from the figures) were 
given in each case that would suffice. That accounted for the non- 
correspondence of the temperature readings in the same figure. Their 
reason for giving the value of 0-71 per cent. for the carbon composition 
corresponding to the limit of the peritectic change was that that 
figure corresponded to the point at which freezing coincided with the 
temperature of the peritectic transformation, and, further, it coin- 
cided with the extrapolated values for the other purer steels. With 
regard to the peritectic reaction, it was noticed in every freezing-point 
determination made that the heat evolution immediately on solidifica- 
tion was very large, indicating that the greater part of the alloy became 
solid at the commencement of freezing. That being the case, it was 
extremely difficult to believe that interaction between a (relatively) 
large mass of solid and a smaller amount of liquid could so completely 
take place at a constant temperature as to give rise to a large evolution 
of heat over a very small time interval. The authors believed that 
that was due, as they had stated, to the sudden solidification of solid B 
(Fig. 9), and, chiefly, to the transformation of the previously deposited 
8 iron into the y state. 

In Figs. 5 to 7 the angle spoken of was absent on account of the 
fact that sufficient points at the higher carbon end of the diagram 
were not obtained. The authors of course fully realised that Professor 
Benedicks’ contention was quite correct. 

They were extremely interested in his remarks on the iron-man- 
ganese-sulphur system. They did not wish to lay too much stress on 
that work, which was only of a purely qualitative nature. 

In reply to Mr. Comstock, they desired to point out the method by 
which the structures referred to by him were obtained. A bar of steel, 
10 cm. in length, was placed in the furnace so that part of it lay within 
the hottest zone of the furnace, and part within a relatively cool zone. 
The furnace was heated for 1 hr. with a current which was known to 
be sufficient to completely melt that part of the bar lying within the 
centre zone. That that part had actually been melted was further 
proved by the change in its configuration noted on its withdrawal 
from the furnace. That a temperature gradient had existed was 
thus beyond doubt. It was an actual fact, therefore, that Fig. 15 
(Plate XX XVIII.) corresponded to a portion which had been com- 
pletely melted. As had already been pointed out, the authors con- 
sidered their experiments on manganese-iron-sulphide alloys to be too 
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qualitative to allow them to form any definite conclusions, and they 
regretted that they were unable to answer Mr. Comstock’s question 
regarding the effect of aluminium. They could only suggest that 
aluminium might affect the solubility of sulphides in liquid steel and, 
therefore, the form taken up by the solid sulphide on deposition. 

Dr. Fisher’s suggestion that the thermocouple trouble was due to 
a difference in potential within the furnace did not seem to explain ~ 
why the trouble only arose at temperatures above 1400° C., and, 
further, why on insulating the couple in the usual manner that 
peculiarity did not disappear. 

Dr. Fisher raised one or two interesting points with reference to 
the peritectic transformation. The authors did not wish to give the 
impression that a temperature-composition diagram could be used to 
calculate actual quantities of liquid and solid coexisting at the same 
temperature ; ratios only could be dealt with. Dr. Fisher suggested 
that the heat evolution at the peritectic temperature due to deposition 
of solid B could only be small, on account of the relatively small 
amount of solid actually deposited. With that they agreed, but 
would remind Dr. Fisher that he had neglected to take into account 
the change of the previously deposited 8-iron into its y form, which 
accounted for the greatest proportion of the heat evolution, and 

-would, by keeping the temperature constant for a small time interval, 
allow of a certain amount of the constituent B to be deposited. 

Dr. Robertson’s comments were interesting. His contention that 
the different structures obtained in the bar (Fig. 8) were not due to 
the rate of cooling, but depended upon the angle at which the grains 
were cut, was difficult to agree with. In Fig. 8 definite boundaries were 
drawn, and it was found that in each area the structure was approxi- 
mately the same over the whole cross-section. Had the difference 
been purely one of orientation, it was difficult to understand how that 
condition could pertain. The authors did not for one moment wish 
to give the impression that similar structures could not be obtained by 
other methods. 

They were exceedingly grateful to Mr. Service for pointing out a 
close agreement between their theories and suggestions and actual 
practice. Such remarks as Mr. Service had made not only greatly 
assisted to substantiate the many statements made, but also showed 
that an investigation such as the present one had a distinct prac- 
tical bearing. 
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Professor DEscu and Mr. Smirn wrote: The only criticisms of 
Section IV. are those from Professor Benedicks. The high value for 
the density of the molten high-carbon iron at 1350° C. is certainly 
surprising, and it may be that there is some constant source of error 
which has not yet been discovered. The object of the communication 
was to show that a method had been devised which gave promise of 
yielding accurate results. It cannot be admitted, however, that the 
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error is of the nature suggested by Professor Benedicks. The capillary 
correction for the suspending rods used amounts only to | per cent. 
of the displacement. An examination of the sinker during the experi- 
ments showed that the stem was not wetted. A series of tests, using 
suspending rods of different diameters, for which therefore the capillary 
correction would be different, gave identical results. It is, moreover, 
highly improbable that there should be so great a range in the capillary 
constant of molten iron within the range of temperature examined. 
Further experiments are being made to determine the exact coefficient 
of expansion of the various sinkers used. 

Since the discussion on the paper, a further research on the density 
of molten white iron has been published by Zimmermann and Esser.+ 
These authors used a cylindrical porcelain crucible containing the 
metal, and measured the rise of the liquid level at different temperatures 
by means of wires making an electrical contact, the displacement of 
these wires being measured optically. The experiments for iron with 
3-5 to 3-9 per cent. of carbon gave excellent curves, indicating a density 
of the iron immediately above the melting point of 7:09. Extra- 
polation of their curves to 1350° C. would give a value of 6-93. In 
the light of the experience which has been gained, it is believed that 
the apparatus is capable of further improvement, whilst the method 
should provide a useful check on the determinations of Zimmermann 
and Esser, which are made in an entirely different manner. 


Mr. Licurroor replied to Mr. Sutton that it was impossible to 
predict the effect of supercooling in the absence of precise experimental 
data, and without further analysis. The effect would depend on the 
amount of supercooling which occurred, but if that were only slight, 
it was likely that the conditions would not be seriously affected. 

The effect of the peritectic change would depend on the relative 
amounts of heat involved. The general result would be a further 
slowing down of freezing. If a definite evolution of heat at a fixed 
temperature were assumed, it was possible, in the simpler cases I. and 
II., to calculate the effect accurately; but considering the rough 
assumptions made, it would scarcely be justifiable to regard as strictly 
accurate any results obtained by taking into account such small 
effects as the peritectic thermal change was likely to be. 


1 Archiv fiir das Hisenhiittenwesen, 1929, vol. ii. p. 867. 
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THE MICROSTRUCTURE OF RAPIDLY 
COOLED STEEL.* 


By J. M. ROBERTSON, B.Sc., Pa.D., A.R.T.C. (Lonpon). 


INTRODUCTION. 


Iy the first explanation of the occurrence of sorbite, troostite, 
and martensite, it was supposed that these constituents corre- 
sponded with a series of intermediate states through which the 
steel passed during the normal decomposition of austenite. This 
view of the occurrence of these constituents is described in most 
of the standard text-books. According to it, rapid cooling is 
simply a means of causing the temperature to fall more rapidly 
than the transformation can proceed, and the structure and 
constitution of steel at ordinary temperature depends on the 
difference between the time taken to cool through the critical 
range and the time required for the complete austenite-pearlite 
transition to take place. 

Assuming that rapid cooling is a means of interrupting the 
austenite-pearlite change at some intermediate stage, it was 
natural to expect that the interrupted transformation would 
again proceed if a rapidly cooled steel were reheated. This in- 
ference from the theory of the effect of the rate of cooling formed 
the basis of the theory of tempering. Thus it was accepted that 
when a steel had been cooled to retain one of the intermediate 
states—say, martensite—it could be made to change to other 
states by reheating. 

The prevailing theory of heat treatment during the period 
under discussion may be said to have consisted of five essential 
elements as follows : 

(1) The normal change from austenite to pearlite (with ferrite 
or cementite) is a compound change, during which the steel passes 
through a succession of states. 


* Received January 25, 1929. 
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(2) By suitably varying the rate of cooling, the steel may be 
retained at the ordinary temperature in any of these intermediate 
states, and each of these states corresponds to a definite micro- 
constituent, to which the names martensite, troostite, and sorbite 
have been given. 

(8) The effect of the rate of cooling in retaining these inter- 
mediate constituents is due to the fact that the complete change 
from austenite to pearlite requires a certain time to proceed to 
completion ; if the time taken to cool through the critical range 
is less than that required for the complete transition, one or other 
of the intermediate states is retamed. 

(4) As the intermediate states are stages in a continuous 
change which is interrupted by rapid cooling, the change thus 
interrupted will again proceed if the rapidly cooled steel is reheated. 

(5) Cooling at different rates, or rapid cooling followed by 
reheating to different temperatures, are alternative means of 
achieving the same object, which is to interrupt the austenite- 
pearlite change at the appropriate stage. This similarity between 
the results obtained by varying the rate of cooling and by varying 
the tempering temperature is implicit in the nomenclature. 

The above explanation of the relations of martensite, troostite, 
and sorbite to each other and to the normal iron-carbon diagram 
was at one time widely accepted, but it has since been demon- 
strated by means of cooling, magnetic, and dilatation curves of 
carbon and alloy steels that a variation in the rate of cooling 
alters the temperature at which the change begins. Consequently, 
the effect of the rate of cooling is no longer attributed to the 
restriction of the time taken to cool through the critical range, 
but is now attributed to a lowering of the temperature at which 
the transformation begins. 

. The idea that quenching lowers the change point to a con- 
siderable extent was first proposed by Le Chatelier in 1897. 
This view did not receive much attention at the time, and as 
experiments subsequently performed did not confirm the existence 
of this low change point, the matter remained in abeyance until 
conclusive evidence of a low change point in alloy steels inspired 
renewed investigation of the changes in carbon steel. In 1911 
Grenet © reopened the question, but again no serious attention 
was paid to thisidea. It was not until 1917, in fact, that it began 
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to be generally realised that the effect produced by rapid cool- 
ing was due to a lowering of the change point. In that year 
Portevin ® published a summary of the work on alloy steels and 
showed the connection between the initial temperature, the rate 
of cooling, and the temperature of the change point in those steels. 
In a subsequent paper Portevin and Garvin showed that in 
carbon steels the transformation took place at a low temperature 
during quenching. The results of that work were confirmed by 
Chevenard © and Dejean,“ and subsequently by Honda“ and 
other Japanese workers. 

As a result of the above investigations, the following con- 
nection between the rate of cooling and the temperature of the 
transition has been established :—As the rate of cooling is pro- 
gressively increased, the temperature at which the transformation 
begins is gradually lowered. When a certain rate of cooling is 
attained, however, there is a sudden discontinuous lowering of 
the change to the neighbourhood of 800° C. The rate of cooling 
required to produce this sudden lowering of the change is known 
as the “critical rate of cooling.” Rates of cooling considerably 
less than this critical rate produce slight lowering of the trans- 
formation temperature; when the rate of cooling approaches 
the critical rate the transformation takes place partly at a high 
temperature and partly at a low temperature, and when the rate 
of cooling equals or exceeds the critical rate, the transformation 
takes place entirely at a low temperature. The normal transi- 
tion from austenite to pearlite during cooling is known as the 
Ar,, and, on the suggestion of Portevin, the change that takes 
place when the Ar, is slightly lowered is now called Ar’, and the 
low-temperature change Ar”. 

It is evident that the above modification of the third paragraph 
in the summary of the original theory does not necessarily imply 
any alteration of the remaining paragraphs, and many metal- 
lurgists still accept the view that martensite, troostite, and sorbite 
are intermediate stages in the change from austenite to pearlite, 
although they now regard the rate of cooling as affecting this 
change by lowering the temperature at which it begins, thereby 
limiting the extent to which it proceeds, and thus interrupting 
the transformation to retain at ordinary temperature one or 
other of the intermediate states. Honda, Sauveur, Lucas, and a 
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number of others accept this view, but the majority of steel 
metallurgists consider that the response of steel to heat treatment 
cannot be suitably accounted for by supposing that rapid coolmg 
is a means of interrupting the austenite-pearlite transition at 
various intermediate stages. A new conception of the relation 
between the so-called transition constituents and the normal 
changes in steel has therefore been introduced. 

According to this new conception of the effect of the rate of 
cooling, martensite, troostite, sorbite, or pearlite may be produced 
directly from austenite, and the temperature at which the austenite 
decomposes determines which constituent is formed. The various 
micro-constituents are not consecutive stages in a continuous 
change, but alternative products of the decomposition of austenite. 
As the Ar’ point is progressively lowered by increasing the rate 
of cooling, the austenite transforms directly to sorbite or troostite 
instead of to pearlite, and when the critical rate of cooling is 
exceeded the austenite transforms at Ar” and produces martensite. 
Whereas in the terminology of the original theory it is said that 
rapid cooling retains martensite, in the terminology of the new 
theory it 1s said that rapid cooling produces martensite. 

This new conception of the response of steel to variations 
in the rate of cooling is largely due to the French metallurgists, 
notably Portevin, Chevenard, Dejean, and Le Chatelier, and it is 
now accepted by many metallurgists, although this is by no 
means general. 

It may now be said that all metallurgists agree on the existence 
of the Ar’ and Ar” points, and practically all accept the view that 
sorbite and troostite are formed at Ar’, whereas martensite is 
formed at Ar”. The main division of opinion is between those 
who think that the Ar” change is the complete transition 
austenite = martensite = troostite = sorbite 2 pearlite inter- 
rupted at the martensite stage, and those who think that the Ar’ 
is a direct change from austenite to pearlite, sorbite, or troostite, 
and the Ar” a direct change to martensite. Those who accept 
the former view have to find an explanation for the discontinuous 
lowering of the change from Ar’ to Ar”, for it is natural to expect 
that if one change only were involved, it would be progressively 
depressed by an increase in the rate of cooling. Honda and 
Kikuta‘ have evolved an explanation of this discontinuity based 
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on the “‘ tendency ” of the change to take place and the “ resist- 
ance” it has to overcome. ‘Those who consider that the Ar” is 
a different change from the Ar’ have to explain this difference 
and describe the nature of the Ar”. Various explanations of the 
Ar” have been proposed. Portevin and Chevenard “” consider 
that Ar” marks a position of labile equilibrium between a solid 
solution of carbon in y-iron and a solid solution of carbon in 
w-iron. Hanemann and Schrader“ have proposed an explana- 
tion that assumes the appearance, under the requisite conditions, 
of a new modification of iron. Other explanations of the differ- 
ence between Ar’ and Ar” have been proposed by Scott,?” 
Dejean, and Hallimond.°*) 

Superficially it might appear that the difference between the 
two views of the response of steel to variations in the rate of 
cooling is largely one of terminology, and that, so far as the 
tangible and practical results of heat treatment are concerned, 
it is immaterial which is true and which false. This, however, 
is not the case, for the implications of the two theories and the 
deductions that may be drawn from them differ so widely that 
they must be considered to represent fundamentally opposed 
conceptions of the response of steel to heat treatment. The 
object of the present paper is to describe certain experiments 
on the effect of cooling steel at different rates, and to show 
how these results are related to what has been called the new 
conception. 


INVESTIGATION OF THE MICROSTRUCTURE OBTAINED BY 
DIFFERENT Mpruops oF Coouine. 


The modification of the constitution, structure, and general 
physical and mechanical properties of steel by heat treatment 
depends on the fact that the changes which normally occur during 
cooling are affected by time. Theories of heat treatment are 
really theories of the effect of the time factor on the changes that 
are represented in terms of temperature and composition by the 
iron-carbon diagram. The time factor is varied by varying 
the rate of abstraction of heat, and it may therefore be said that 
the study of the phenomena associated with the heat treatment 
of steel is a study of the effect of the rate of abstraction of heat, 
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Two aspects of the rate of abstraction of heat must be con- 
sidered. In the first place, the rate of abstraction of heat controls 
the temperature at which the change begins, and once the change 
is in progress, it controls the conditions under which it takes 
place. The temperature at which the change begins and the 
conditions under which it proceeds determine the product of the 
change. Investigation of the phenomena associated with heat 
treatment, therefore, becomes investigation of the effect of causing 
austenite to transform at different temperatures and under 
different conditions with respect to the rate of abstraction of heat. 
This is the fundamental fact underlying all methods of varying 
the rate of abstraction of heat, and no particular significance can 
be attached to cooling in media held at ordinary temperatures, 
for the results obtained by cooling in media held at higher or lower 
temperatures are equally important. 

In the wire industry it is common practice to heat-treat the 
small rods used for wire-making by cooling in molten lead. 
According to the earlier views on heat treatment, this method 
of cooling should produce results similar to those obtamed 
by quenching followed by tempering. Actually, however, the 
structures produced by cooling in molten lead have no relation 
to those produced by water-quenching and tempering. As long 
as the temperature of the lead is lower than that at which the 
austenite transforms, cooling in molten lead resembles cooling 
in any other medium—that is, as the temperature of the lead is 
varied, the rate of cooling before the change and the rate of 
abstraction of heat during the change are varied together. If, 
however, the austenite does not transform before the steel attains 
the temperature of the lead in which it is immersed, it will in- 
evitably transform while the steel is at the same temperature 
as the lead, and the rate of abstraction of heat durmg the change 
may then be varied independently of the rate of cooling before 
the change. It is this aspect of lead cooling that is of special 
importance. 

The present investigation was undertaken to determine the 
sequence of microstructures produced by cooling in molten 
metal at progressively varying temperatures. Some hundreds 


of specimens have been heat-treated and examined; the effect 


of varying the composition and diameter of the specimens, and 
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of varying the temperature of the cooling medium, has been 
studied. 


The sequence of structures produced by varying the tempera- 
ture of the cooling medium is of fundamental importance ; on 
the other hand, the actual structure produced in a rod of a 
particular size and composition by cooling in metal at a certain 
temperature is influenced by so many variables that it would be 
practically impossible to prescribe the exact conditions necessary 
to obtain a specific structure. The number of factors that 
influence the product of a given heat treatment is greater in the 
case of cooling in molten metal than in the commoner heat treat- 
ment operations, for, in addition to the usual variables—initial 
temperature, size, composition, and cooling medium—the time 
of immersion and rate of movement while in the medium are 
introduced. The rate, or amount of movement while in the 
medium, is not without influence during water and oil quenching, 
but owing to the comparatively sluggish convection in molten 
lead or other metal the importance of movement is greatly 
magnified. 

In the present paper attention is confined to the fundamental 
aspects of cooling at intermediate rates—that 1s, it is confined to 
a consideration of the sequence of structures obtained by varying 
the temperature of the medium. The description of these struc- 
tures would be needlessly confused by attempting to consider 
too many variables at the same time; therefore the description 
is restricted to steel rod of one composition, namely, 0-75 per 
cent. of carbon, and one diameter, namely, 0-11 in. The 
structures described in the following pages may be obtained in 
any steel, subject to certain limitations with respect to the size 
of the specimen. These structures are part of the phenomenon 
of the response of steel to heat treatment, and consequently they 
are considered in relation to the theory of heat treatment as a 
whole. 

To facilitate the description of the structures obtained with 
progressive variation in the rate of cooling, they have been divided 
into seven groups, each illustrated by a number of micrographs. 
This division into groups is more or less arbitrary, for, except 
for one pronounced break in the sequence, the structural transi- 
tion is absolutely gradual. To avoid confusing the text, the 


398 ROBERTSON : THE MICROSTRUCTURE OF 


micrographs are described in terms of the structures shown. 
The heat treatments given to the specimens, and the muicro- 
oraphs taken from each, are shown in lable I, All specimens were 
etched with 1 per cent. nitric acid in alcohol. The micrographs 
at 430 diameters were taken with a 8-mm. objective, and those 
at 820 diameters with a 2-mm. oil-immersion objective. The 
same eyepiece and camera extension were used with both 
objectives. 


TaBLE I.—Heat Treatment of Specimens. 


Specimen No. Treatment. Figure Nos. 
A Cooled in furnace 1 
B Rapidly cooled in furnace 2 
C > 2”? 2? 3, 4 
D Cooled in molten metal at 480° C. fis, (8) 
E ” ” 2? 2? 400° C. 7 
F - 3 Fe 4200108 8 to 12 
G i Ee oe Oe Ce 20, 22 
H AR 5 np oe UME CE 13, 14, 18, 19, 21 
I io $5 wae 5 4009 Ch 15 to 17 
J mz PP na pe BLO Oe 23 to 30 
K 33 A ape on BELO, 31 to 3 
L 3 33 5 sy eee CL 35 to 39 
N Cooled in molten metal. Gradient 40 to 42 


Specimens C and # to N were 0-1 in. in diam. and contained 0-75 per cent. 
of carbon. 

Specimen D was 0-25 in. in diam. and of the same steel. 

Specimens A and B were 0-1 in. in diam. and of the same steel, but were 
carburised for 4 hr. in coal-gas. 


Group 1 Structures. 


The structures of this group are illustrated by Figs. 1 and 2 
(Plate XLI.). Fig. 1 shows the normal pearlite characteristic of 
slowly cooled steel. Hach of the original austenite grains has 
transformed into one grain of pearlite, and in each of the latter 
the ferrite and cementite laminations have a uniform orientation 
—that is, the plates run in parallel lines right across the grains. 

Fig. 2 shows a cementite envelope enclosing a grain in which 
the laminations in the pearlite run in a number of different 
directions. This type of structure does not as a rule occur in 
the same specimens as that illustrated in Fig. 1, and it is probably 
produced with slightly different rates of cooling. 
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When the rate of cooling is slightly increased the arrangement 
of plates illustrated by Figs. 1 and 2 does not persist. Instead, 
a number of different orientations develop in each of the original 
austenite grains. This effect may be observed in any steel 
containing more than 0-2 per cent. of carbon, but it is best 
observed in hyper-eutectoid steels, in which the original austenite 
erains are marked off by the pro-eutectoid cementite. Some of 
the steel used was therefore heated for 4 hr. in coal-gas, and was 
then cooled at various slow rates. It was observed that a slight 
Increase in the rate of cooling caused the individual grains to 
break up into a number of pearlite grains. 

Hach increase in the rate of cooling appears to increase the 
number of different orientations in each original austenite grain. 
But within the range of slow cooling it is difficult to vary the rate 
accurately. The specimens used in this part of the work were 
heated in the middle of a tube furnace, then drawn towards one 
end and allowed to cool in the furnace. By this means the rate 
of cooling was varied slightly and the structures mentioned were 
obtaimed. 

The alteration in the disposition of the pearlite laminations 
with reference to the original austenite grains does not at first 
appear to follow any definite law. Near the boundaries of the 
original grains the orientations appear to have developed from 
the grain boundary, but on the whole the laminations seem to be 
oriented at random. When a certain rate of cooling is reached, 
the subsidiary orientations of the laminations begin to be arranged 
in a particular way within the boundaries of the original austenite 
grains. As the rate of cooling is further increased, this vague 
arrangement of the subsidiary orientations becomes very definite, 
and gives rise to the structures of Group 2. 


Group 2 Structures. 


In the structures of this group the subsidiary orientations of 
the laminations radiate from a centre, and the plane surface seen 
under the microscope consists of a succession of fan-shaped units, 
as illustrated in Figs. 8 and 4. As the whole surface is composed 
of these fans, it is evident that the three-dimensional units are 


400 ROBERTSON : THE MICROSTRUCTURB OF 


such that the appearance of a section is independent of the 
direction in which it is cut. Therefore, the three-dimensional 
grains must resemble irregular spheres made up of a number of 
long crystals radiating from a centre. 

The size of the fans depends on the size of the original austenite 
grains and on the rate of cooling. If the rate of cooling is just 
sufficient to give the fan or radial arrangement, each fan occupies 
one austenite grain. With quicker rates of cooling a number of 
fans may form in each austenite grain. ‘The fans may therefore 
be made very large, as illustrated in Vigs. 3 and 4, or so small as 
to be hardly recognisable. 

Each fan consists of a number of radial segments, and each 
of these consists of alternate plates of ferrite and cementite. 
In each of the segments composing the fan, the ferrite-cementite 
laminations have an independent orientation ; it is this feature 
that makes the fans recognisable under the microscope. When 
the fans are large the laminations can be resolved, and are shown 
in Figs. 5 and 6. When the rate of cooling is increased, the 
fans become smaller and the laminations closer ; eventually the 
laminations become so fine that they cannot be resolved. As the 
gradual modification of the structure can be followed from ordinary 
pearlite to small irresolvable fans, it is rational to assume that 
the ultimate constitution of these fans remains the same, although 
the ferrite-pearlite laminations become indistinguishable. 

When a specimen composed of the well-defined pearlite 
characteristic of slowly cooled steels is examined, the laminated 
structure may be recognised over the entire surface. The finer 
varieties of pearlite produced by slightly accelerated cooling 
cannot be completely resolved, and the laminated structure can 
only be seen in those areas in which there is a certain relation 
between the orientation of the plates and the surface examined. 
The remaining grains simply etch to different tints, varying from 
white to black. In specimens containing the fan structure, the 
laminations, even when resolvable, can only be seen in certain 
areas ; but this does not indicate that those areas are the only 
ones in which the laminations exist. Lucas" has examined the 
fan-shaped structures, called nodular troostite, that oecur under 
certain conditions during water-quenching. His high-power 
micrographs reveal the laminations in certain parts of those 
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nodules, while the remainder is black and irregolvable. In 
accordance with his view of the relation of the micro-constituents, 
he considers that those micrographs illustrate the passage of 
troostite into pearlite. Actually, however, the nodules consist 
entirely of laminations of ferrite and cementite, but these lamina- 
tions are only resolved when they have a certain orientation. 
Tt is the existence of these laminations and the variation in their 
orientation in the different radial segments that account for the 
orientation phenomenon observed by Lucas when a nodule of 
troostite was revolved about the optical axis of the microscope. 

In the steel under consideration, the fan structure is obtained 
over a range of cooling rates ; in fact, using the 0-11-in. diam. 
specimens the fan structure is obtained by cooling in air, and in 
molten metal at any temperature between 620° and 440° C. In 
general, the extent of the range of cooling rates within which the 
fan structure may be obtained depends on the composition of 
the steel. In steels containing less than 0-4 per cent. of carbon 
complete conversion to the fan structure is not easily obtained. 
As the carbon content mereases, the number of cooling rates 
that produce the fan structure is also increased. In fact, in 
steels containing more than 0-6 per cent. of carbon the fan 
structure, and the structures resembling it, are formed over such 
a range of cooling rates that they are almost as easy to obtain 
as the normal ferrite-pearlite structures or the typical water- 
quenched structures. The commonness and the importance of 
a structure and the number of times it is observed depend on the 
range of cooling rates within which it may be obtained and the 
relation of these cooling rates to the methods of coolmg in common 
use. The fan structure is almost invariably obtained when 
small specimens—under 4 in. diam.—are cooled in air, when fairly 
large specimens of carbon steel are quenched in water, hot water 
or oil, and when specimens of a variety of sizes are cooled in 
molten lead. The fan structure and structures resembling it 
may therefore be called common. Micrographs of fans have been 
published by Schrader,“ and a considerable quantity of the 
high-carbon steel wire now made is manufactured from rod 
consisting of fans. 

For reasons which will be described later, the fan structure 
may be obtained in association with any other structure formed 
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at a lower temperature. When this occurs the fans appear as 
isolated nodules in a ground-mass of the other structure. This 
gives rise to the structure known as nodular troostite. 

As will be seen in Figs. 8 and 4, the individual fans etch 
differently. Dark-etching fans are commonest, particularly when 
the structure is fine, but in all examples of this structure light- 
etching fans occur. It follows from this that the fans that occur 
in association with other structures will usually etch readily and 
appear black under the microscope, but light-etching fans will 
sometimes occur. Fig. 7 (Plate XLII.) shows a white fan or white 
nodule. The specimen from which this micrograph was taken 
contained a large number of black fans, and the structure was 
typical of nodular troostite. The ground-mass consisted of 
structures of Group 6, which etch relatively quickly and appear 
dark by contrast with the white fans. 


Group 3 Structures. 


The structures of this group are entirely distinct from the 
fan structure, with which they may or may not be associated, 
according to whether the rate of cooling through the range in 
which the latter forms is rapid enough to interrupt or completely 
suppress its formation. 

Figs. 8 to 10 (Plate XLII.) represent typical examples of this 
structure. It will be seen that the specimen is composed of an 
irregular arrangement of areas which etch to different tints. 
There is no systematic arrangement of these areas; each seems 
to be independent of those surrounding it, and the light and dark 
areas do not combine to form a definite pattern. 

At a higher magnification, as illustrated by Figs. 11 and 12, 
each unit area is seen to be finely laminated, and within each 
unit the laminations are perfectly straight and parallel. These 
laminations are most easily distinguishable in the dark-etching 
areas. In some of the white- and light-etching areas, however, 
the laminations may be seen. This structure is entirely distinct 
from the various modifications of pearlite described under 
Groupsland2. It marks the beginning of a new type of structure, 
which undergoes a gradual modification as the temperature at 
which the austenite transforms is progressively lowered. 
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Group 4 Structures. 


In the structures of this group, fine laminations are the ultimate 
components of the visible structure, and in this respect they 
resemble those of Group 3. In Group 4, however, the differently 
tinted areas combine to form a symmetrical pattern. Figs. 18 to 
18 (Plate XLIII.) represent different areas in a Specimen showing 
this type of structure. 

When it is observed that a series of structures is repeated 
many times in a single specimen, it is necessary to decide whether 
the different structures composing the series are due to differences 
im the constitution and symmetry of the grains or simply to 
differences in the angle they make with the plane surface examined. 
It is unreasonable to suppose that pronounced differences in the 
constitution or symmetry of the various grains composing a small 
specimen could be produced. The grain is the unit by which the 
specimen is built up, and no theoretical reasons can be adduced 
for supposing that the individual grains could be differently 
affected by the imposed conditions. When a series of different 
structures is observed in a single specimen, it must therefore be 
assumed that the difference depends on the relation of the plane 
surface examined to the symmetry of the grains. 

In the structures obtained in slowly cooled steels, there is no 
pronounced difference in the appearance of the grains when cut 
at different angles. Ferrite looks the same whatever section of 
the grain is examined, and pearlite is only slightly confusing. 
Whatever section of a pearlite grain is cut, the lamellar arrange- 
ment may be recognised, and difficulty arises only when attempts 
are made to decide whether the observed variation in the distance 
between the laminations is due to the angle at which the erains 
have been cut, or to an actual difference in the width of the plates. 
The various modifications of the pearlitic structure obtained 
when the rate of cooling is slightly increased are also simple, and 
although the individual fans in a specimen showing this structure 
etch differently, the symmetry in all cases is clear. 

The structures included in Group 4 are examples of a structural 
type of considerable complexity, and the grains look quite. 
different, according to the relation of the plane surface examined 
to the symmetry of the crystal. On examining such a specimen, 
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a series of different structures of similar symmetry is observed, 
and the problem is to construct the solid grain from the 
observation of random sections. 

On the assumption that the separate grains composing the 
specimen are similar, Figs. 18 to 18 may be considered to repre- 
sent different sections of the same grain at 430 diameters, and 
Figs. 19 to 22 (Plate XLIV.) may be regarded as showing the 
same thing at a higher magnification. 

In the structures of Group 4, the dark- and light-etching areas 
which combine to form the symmetrical patterns are composed of 
minute laminations lying parallel in each uniformly tinted area, 
but varying in direction at different points in the same grain. 
It is these laminations that establish the connection between the 
structures of Groups 38 and 4. 


Group 5 Structures. 


Once the symmetrical pattern described in the previous 
section 1s obtained, further lowering of the temperature at which 
austenite decomposes produces modifications in the pattern 
without altering its basicsymmetry. Figs. 23 to 30 (Plates XLIV. 
and XLV.) show the next phase in the structure. The constituent 
parts of the pattern are finer and sharper, and in some areas the 
structure is beginning to have an acicular appearance. The 
laminations composing the dark areas are hardly resolvable, but 
in some of the micrographs their presence is suggested. 

As in Group 4, the micrographs illustrating the different two- 
dimensional structures of Group 5 must be regarded as different 
views of similar three-dimensional grains. 


Group 6 Structures. 


The structures of Group 6, illustrated by Figs. 81 to 89 
(Plates XLVI. and XLVII.), represent another phase in the progres- 
sive modification of the symmetrical structure with the depression 
of the temperature of the transformation. In these micrographs 
the laminations composing the different areas cannot be resolved ; 
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as, however, the gradual disappearance of these laminations can 
be followed through a series of specimens showing the gradual 
change in the appearance of the symmetrical structure, it must 
be assumed that they are still the ultimate components of the 
structure. 

The structures of this group are definitely acicular ; not- 
withstanding this, the structures illustrated in Tigs. 81 to 39 are 
clearly related to those of Group 5, and ciradeur them to those 
of Group 4. 


Group 7 Structures. 


The structures illustrated in Figs. 31 to 39 were obtaanod by 
cooling in molten tin at 880° C.; as the rate of cooling was further 
anes by cooling in tin at lower temperatures, the acicular 
structure represented by those micrographs persisted. Specimens 
were cooled in molten tin at temperatures above 220° C., and at 
lower temperatures in molten Wood’s metal. It was found, 
however, that when the temperature of the cooling medium 
was lowered to 320° C. further lowering did not produce any 
pronounced change in the microstructure. 

Besides the specimens quenched in lead at specified tempera- 
tures, one specimen, 28 in. long, was cooled in a tall bath of lead 
which varied in temperature from 340° (C. at the top to about 
380° C. at the bottom. Along the length of this specimen the 
gradual modification of the structure could be followed. 

The structures of this group are very similar to the types 
obtained by cooling in water or oil. They are illustrated by 
Figs. 40 to 42 (Plate XLVIL.). 


The structures described in the preceding sections represent 
certain phases of the gradual change in structure that accompanies 
a progressive lowering of the temperature of the cooling medium. 
The micrographs included in a single group do not represent. all 
the possible variations of structure that properly belong to the 
group, and the seven groups into which the structures have been 
divided do not represent the complete range of structures obtain- 
able. Nevertheless, the series of micrographs which accom- 
pany this paper are sufficient to illustrate the main features 
of the sequence of structures obtained by progressive lowering of — 
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the temperature of the cooling medium. The principal features 
of the structures of each group are summarised in Table IT. 


Taste Il.—Summary of Microstructures. 


Type of Illustrated Summary of Structure and Constitution. 
Structure. by— 
Group | Figs. 1 and 2 | Normal pearlite, and structures closely 


resembling it, in which the laminations 
arising from one grain of austenite adopt 
more than one orientation. 

Group 2 Figs. 3 to 7 Structures constitutionally similar to 
pearlite and formed as a result of the 
eutectoid reaction, but characterised by 
the fan-like arrangement of the uni- 
formly laminated areas. 

Group 3 Figs. 8 to 12 Structures formed when the eutectoid re- 
action is suppressed and the decomposi- 
tion of austenite is initiated by the y—-a 
change. The symmetry of this structure 
is related to two sets of planes in the 
original austenite grains. 

Group 4 Figs. 13 to 22 | Structures formed in the same way as those 
of Group 3, but at a lower temperature. 
The symmetry of these structures is 
related to three sets of planes in the 
original austenite grains. 

Group 5 Figs. 23 to 30 | Structures formed in the same way as those 
of Groups 3 and 4 and related to three 
sets of planes in the original austenite 
grains. The symmetrical pattern in 
Group 5 is finer and sharper than in 
Group 4, and is formed at a lower tem- 
perature. 

Group 6 Figs. 31 to 39 | Similar structures to those of Groups 4 and 
5, but formed at a lower temperature and 
definitely acicular. 

Group 7 Figs. 40 to 42 | Structures formed in the same way as those 
of the preceding groups, and establishing 
the connection between the intermediate 
structures included in those groups and 
martensite. 


Pearlite is known to consist of alternating plates of ferrite 
and cementite ; as the rate of cooling is increased its character- 
istic lamellar arrangement persists, but the relation of the lamina- 
tions to the origial austenite grain changes. The progressive 
alteration in the symmetry of the pearlite grains may be followed 
from the normal pearlite to the fan structure, and when the fans 
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are large the characteristic ferrite-cementite laminat ons may be 
recognised. It is therefore evident that all the structures included 
in Groups 1 and 2 must have almost the same constitution and 
mode of origin. Even when the fans are irresolvable it is reason- 
able to suppose that they are constitutionally similar to the large 
resolvable fans. 

Between the fan structures of Group 2 and the random, 
finely laminated structures of Group 8, there is a discontinuous 
change in symmetry. ‘The structures of Groups 4, 5, and 6 are 
evidently related to those of Group 8, and it may be said that 
although this structure is progressively modified as the tempera- 
ture at which the austenite decomposes is lowered, the successive 
stages in this modification are so closely related that the transition 
is gradual. There is evidently only one discontinuous change, 
that is, between the structures of Group 2 and those of Group 3; 
on either side of this break in the sequence the variation is gradual. 

The structures in Groups 4, 5, and 6 are closely related ; 
nevertheless it is certain that none of these types occurs in associa- 
tion with any structures not closely resembling them. Thus, 
structures of Group 4 are never found in specimens composed 
mainly of structures of Group 6, and structures of Group 6 are 
never found associated with the vague acicular structures obtained 
with faster rates of cooling. 

The fan structures of Group 2 may be obtained, however, 
in association with any structure formed at a lower temperature 
—that is, they may be obtamed in association with structures of 
Groups 3, 4, 5,6, and 7, or with the fine acicular structure. The 
amount of the fan structure associated with other structures 
bears no relation to the position of those others in the series ; 
in other words, it is not observed that large quantities of fans 
occur im association with Group 3 structures, and gradually 
diminishing quantities with structures of Groups 4, 5, 6, and 7. 
Actually, the occurrence of the fan structure is not related in any 
way to the others ; specimens composed of structures of Groups 3, 
4, 5, 6, and 7 may be obtaimed without fans, and under slightly 
different conditions varying quantities of the fan structure may 
be obtained in association with any other structure. 

In the specimens from which the micrographs of the structures 
of Groups 3, 4, 5, 6, and 7 were taken examples of fans were 
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not conspicuous, but in other series of specimens of this steel fans 
were observed. ‘The occurrence of fans in association with other 
structures was most commonly observed in specimens of larger 
diameter or of higher carbon content. 


Tur RELATION OF THE STRUCTURES TO THE ‘THEORY OF 
Heat TREATMENT. 


Starting from pearlite, the gradual change in structure may 
be traced until the practically irresolvable fan structure is 
obtained. ‘his continuous series of structures evidently corre- 
sponds with the progressive lowering of the Ar’ point with an 
increase in the rate of cooling. Startmg from the structures of 
Group 8, the gradual change may be traced until the small acicular 
structure characteristic of rapidly cooled steels is obtaimed. 
This continuous series of structures evidently corresponds with 
the progressive lowering of the Ar” point with an increase in the 
rate of cooling. 

The structures of Groups 8, 4, 5, and 6 do not occur when 
any of the common methods of varying the rate of abstraction 
of heat are used, and a comparison of the conditions realised and 
the results obtamed by these methods with those of the present 
work illustrate certain aspects of the relations between the Ar’ 
and Ar” points. 

Three methods of varying the rate of cooling are available : 
(a) by varying the size of the specimen while using a constant 
cooling medium; (b) by varying the initial temperature while — 
keeping every other factor constant; and (e) by varying the 
temperature of the cooling medium. 

The conditions realised when the rate of cooling is varied by 
changing the size of the specimen are very complex, and the 
conditions at the outside of large specimens are very different 
from those at the centre: Nevertheless, the sequence of structures 
obtained in this way is a rough indication of the effect of cooling 
at different rates from the initial temperature to that of a medium 
held at a low temperature. When the specimen is large and 
cooling is accomplished by quenching in water, the structure at the 
centre of the specimen may be some modification of the Ar’ struc- 
ture illustrated in the micrographs of Groups 1 and 2, This type 
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Fic. 43.—Diagram illustrating the arrangement of 
Jaminations in a single grain of austenite. 
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Fic. 44.—Diagram illustrating how the direction of the 
laminations determines the appearance of the section 
through a grain. 
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of structure persists over a range of specimens of different size, 
but when a certain rate of cooling is reached small quantities of 
Group 7 structures are associated with fans. As the size of the 
specimen is further decreased, the entire structure at the centre 
becomes similar to those of Group 7. 

The method of varying the rate of cooling by altering the 
initial temperature is not very effective, and it has been used 
chiefly under conditions that produce a change in the constitu- 
tion of the steel with each change in the initial temperature, as, 
for instance, in the work described by Lucas,“ and in the 
humerous investigations of the effect of initial temperature on 
alloy steels. When the lowest initial temperature is sufficiently 
high to ensure that the steel consists entirely of uniform austenite 
at the moment of quenching, then raising the initial temperature 
may produce results similar to those obtained by varying the 
size of the specimen. 

The third method of varying the rate of cooling is that used 
in the present work. The results obtained by this method depend 
on the size of the specimen and on the range through which the 
temperature of the cooling medium is varied. Hitherto, when 
this method has been used, the medium employed has been water 
or oil maintained at various fairly low temperatures, because it 
has generally been thought that low temperatures are necessary 
to suppress the Ar’ change. The temperature at which the 
medium must be held in order to suppress the Ar’ transformation 
depends, however, on the size of the Specimens, and when the 
specimens are small the change may be suppressed by cooling in 
media at moderately high temperatures. 

With media maintained at fairly low temperatures, the results 
obtained by varying the temperature are similar to those obtained 
with the other methods of cooling. If the specimen is large 
enough, and the maximum temperature of the medium suffi- 
ciently high, the eutectoid reaction takes place ; as the tem- 
perature of the medium is lowered the change is split, and 
eventually the complete transition occurs at Ar”. 

The results obtained by all the foregoing methods of varying 
the rate of abstraction of heat are similar, and the recent theories 
of heat treatment are based on the results obtained in this way. 
These methods of varying the rate of cooling differ from that used 
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in the present work, because, with all these methods, the Ar’ 
change takes place before the temperature of the cooling medium 
is reached. In other words, the rate of cooling necessary to 
suppress Ar’ is maintained throughout the entire range of tempera- 
ture. This is not strictly true, for the rate of cooling measured 
in degrees cooled per second actually becomes progressively 
slower as the temperature of the cooling medium is approached, 
but this fact need not be taken into account at present, although 
it undoubtedly exerts a pronounced effect on the Ar” change. 
Tor the present purpose, it is sufficient to know that with the 
customary methods of cooling the rate of cooling before and during 
the Ar” transformation is proportional to the rate of cooling 
required to suppress the Ar’ change. 

In the present work small specimens were used, and it was 
found that Ar’ could be suppressed by cooling in molten tin at 
any temperature below 420° C. When, therefore, a specimen 
was immersed in tin at 400° C., Ar’ was suppressed, but the rate 
of cooling necessary to accomplish this was not maitained. 
Instead, the rate of cooling became considerably slower as the 
steel approached the temperature of the medium, and cooling 
practically ceased when that temperature was attained. When 
the rate of cooling was thus retarded the Ar” change took place, 
and the structures of Groups 38, 4, 5, and 6 were produced. 

From the foregoing comparison of the results obtamed with 
the different methods of varying the rate of cooling, the following 
general statement may be formulated: A rate of cooling that 
is sufficiently rapid to suppress or interrupt the Ar’ change is 
also rapid enough to lower Ar” to a low temperature. Conse- 
quently, when the steel is cooled in such a way that the rate of 
cooling necessary to suppress Ar’ is maintained, Ar” takes place 
at a low temperature, and the product of the change is deter- 
mined by this fact. If, however, Ar’ is suppressed by cooling 
rapidly through the appropriate range of temperature, and the 
rate of cooling is then reduced, the Ar” change takes place, and 
the product of the change depends on the temperature at which 
the retardation of cooling becomes effective. Ar” is therefore 
a change that may be progressively lowered by increasing the 
rate of cooling, and the product of the change depends on 
the temperature at which it takes place. 
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It has already been stated that there is a distinct break in 
the continuity of the structures between those of Group 2 and 
those of Group 8. This break is marked by a complete change 
in the crystallography of the structures, but it does not appear 
to be accompanied by any sudden change in their ultimate con- 
stitution. The structures of Groups 8 and 4 are composed of 
minute laminations, and there is no reason to Suppose that these 
laminations are not alternate plates of ferrite and cementite. 

At the normal temperature of the transition, austenite 
decomposes into «-iron and cementite ; the ferrite contains a 
small quantity of carbon in solution. At very low temperatures 
austenite transforms more or less completely to a solid solution 
of carbon in «iron. Between ferrite and this solid solution 
formed at low temperature, there is no essential difference— 
except the amount of carbon retained in solution—and both forms 
of this constituent may be called « solid solution. 

Returning to the discussion of the constitution of the structures 
formed at different temperatures, there does not appear to be 
any sudden change in the constitution of the structures between 
Group 2 and Group 8, and there is no reason to suppose that there 
is any constitutional discontinuity at any point in the continuous 
series of structures between Group 3 and Group 7. From the 
structures of Group 3 to those formed by water-quenching, the 
gradual transition may be traced, and there is every reason to 
believe that the ultimate constitution of the observed structures 
also varies gradually as the temperature at which they are formed 
is lowered. 

If there is no discontinuous change in the ultimate constitu- 
tion of the structures formed from austenite at different tempera- 
tures, the transition from the aggregate pearlite, formed at the 
normal temperature of the change, to the solid solution formed 
at low temperatures must be gradual. In other words, as the 
temperature at which the austenite decomposes is progressively 
lowered, the amount of carbon retained in solution in the «-iron 
increases, and the amount of cementite formed decreases. The 
ultimate constitution of the product depends entirely on the 
temperature of the transformation ; it does not matter whether 
the change is the Ar’ or the Ar”, and the constitutional differ- 
ence between the structure of Groups 3 or 4 and those of 
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Group 2 is simply related to the difference between the respective 
temperatures of formation. 


The Nature of the Ar’ and the Ar” Transformations. 


It appears that the ultimate constitution of the product of 
the decomposition of austenite varies progressively with the 
temperature at which the transformation occurs. If it were 
possible to lower the transformation temperature in a perfectly 
gradual manner, a continuous variation in the product would 
result. The actual lowering of the temperature of the transforma- 
tion with an imcrease in the rate of cooling is discontinuous, 
however, and this discontinuous lowering is accompanied by a 
sudden break in the crystallographic sequence of the structures 
obtained. his break in the sequence of structures corresponds 
to the distinction between the Ar’ and the Ar” changes, and what 
requires to be explained with regard to these two changes is the 
difference in their response to a variation in the rate of cooling, 
the crystallographic difference of the structures produced, and 
the fact that when the temperatures at which the two changes 
take place are not too widely separated the ultimate product of 
the changes is approximately the same. 

The change from austenite to pearlte involves two separate 
reactions, which under normal conditions take place simul- 
taneously. ‘The formation of ferrite and of cementite are mutually 
dependent changes ; under certain conditions, if the formation 
of ferrite begins, that of cementite must follow, and if the forma- 
tion of cementite begins, that of ferrite must follow. Under 
normal conditions the formation of pearlite may be initiated 
either by the formation of ferrite or of cementite; this is the 
Ar, change. When the rate of abstraction of heat is increased, ~ 
however, and the change does not take place at the temperature 
or under the conditions represented by the iron-carbon diagram, 
the two reactions involved in the Ar, change may be differently 
affected. 

In the opinion of the author, the difference between the Ar’ 
and the Ar” change is simply that the Ar’ is the decomposition 
of austenite initiated by the formation of cementite, whereas the 
Ar” is the decomposition of austenite initiated by the formation 
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of « solid solution. For a given increase in the rate of cooling, 
the change from y-iron to «-iron is lowered to a greater extent 
than the formation of cementite. Consequently, once the normal 
rate of cooling is exceeded, the decomposition of the austenite 
is always initiated by the cementite, and the crystallographic 
form of the structures of Group 2 is determined by the crystal 
habit, under the imposed conditions, of cementite. The composi- 
tion of cementite remains constant, whatever the temperature 
of its formation. As a result, the rate of formation of cementite 
is determined by the rate of diffusion of the carbon and by the 
number of centres from which the growth of cementite begins. 
To a certain extent the rate of formation of cementite increases 
as the rate of cooling increases, therefore the Ar’ change takes 
place completely as the rate of cooling is increased from furnace 
cooling to cooling in lead at a temperature of 440° (. With 
faster rates of cooling, however, the rate of abstraction of heat 
exceeds the rate of formation of cementite, and the Ar’ change 
is interrupted and ultimately suppressed. 

A rate of cooling sufficiently rapid to suppress the Ar’ trans- 
formation is also sufficiently rapid to prevent the formation of 
cementite at lower temperatures, and if no other factor inter- 
vened the austenite would cool unchanged to the ordinary tem- 
perature. In fact, however, the decomposition of austenite at 
lower temperatures is initiated by the y-« change, and this change 
is able to take place at lower temperatures than the formation 
of cementite, because the composition of the « solid solution alters 
with the temperature at which it is formed. The farther austenite 
is cooled below the temperature at which it is normally stable, 
the more unstable it becomes ; therefore it can change to «-iron 
in the presence of increasing quantities of carbon. This increase 
in the amount of carbon retained by the «-iron offsets the decrease 
in the rate of diffusion at low temperature ; consequently the 
change from y-iron to «iron can take place at temperatures and 
under conditions that prevent the formation of cementite. 

The general difference between the formation. of cementite 
and the y-« change may be stated as follows: For a given 
Increase in the rate of cooling, the allotropic change is lowered 
to a greater extent than the formation of cementite. Because 
the composition of cementite remains constant, its formation is 
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lowered, interrupted, and suppressed by increasing the rate of 
cooling. Because the amount of carbon retained in solution 
by the a-iron increases as the temperature falls, this change 1s 
progressively lowered, but it is not interrupted or suppressed 
by the rate of cooling. 

The crystallographic form of the product of the decomposi- 
tion of austenite depends on the manner in which the change is 
initiated ; its ultimate constitution depends on the temperature 
at which the change takes place, and the rate of abstraction of 
heat while the change is in progress. ‘Thus, at the normal tem- 
perature of the change, the ultimate composition of the product 
is g-iron and cementite. As the temperature of the transforma- 
tion is progressively lowered, more carbon is retained in solution 
in a-iron, and less separates as cementite. When the change 
takes place at a low temperature and during rapid abstraction 
of heat, no cementite can form, and the austenite must change 
completely to « solid solution or remain unaltered. 


Tor CRYSTALLOGRAPHIC oRM OF THE STRUCTURES FORMED 
AT THE AR” PorNntT. 


The crystallographic form of the structures of Groups 8 to 7 
is determined by the crystal habit of «-iron and by the conditions 
under which the change takes place. In the normal ferrite- 
pearlite structures obtained by cooling at annealing rates, the 
connection between the crystallographic planes in the austenite 
and the allotropic change is not very evident, and it might be 
supposed that there was no crystallographic connection between 
the annealed structure in hypo-eutectoid steels and the structures 
of Groups 8 to 7. This apparent discontinuity is due to the fact 
that the structures formed are influenced by other factors besides 
the crystal habit of the «-iron. 

The structures of Groups 4 to 7 are forms of the Widman- 
stitten structure, and many of the micrographs of Groups 4 and 
5 resemble the structures found in meteorites, ingots, and steel 
castings. The type of Widmanstitten structure formed during 
very slow cooling consists of ferrite and pearlite, and its forma- 
tion depends on two factors: (1) the crystal habit of the «-iron, 
which tends to form along the crystallographic planes in the 
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austenite, and (2) cooling through the critical range at such a 
rate that solid diffusion is able to maintain a perfectly uniform 
distribution of carbon in the residual austenite. 

The ferrite-pearlite structures of annealed steels are formed 
under conditions which require that considerable quantities of 
carbon rejected by the «-iron shall be absorbed by the remaining 
austenite, and the rate of cooling is too rapid to permit this carbon 
to be uniformly distributed in the austenite. The ferrite, instead 
of forming along the crystallographic planes, actually grows along 
the concentration gradient. It is this fact which determines the 
crystal structure of steels cooled at annealing rates. 

The Widmanstatten structure is again obtained when more 
rapid cooling ig used, and under these conditions its formation 
depends on the following factors : 

(1) When the first sheet of « solid solution is formed, the 
carbon rejected by the «-iron immediately separates from solution 
and forms cementite. 

(2) The a-iron retains most, or all, of the carbon in solution. 

It may therefore be said that the true crystal habit of the 
#-iron is observed with very slow cooling, because complete 
diffusion of carbon takes place, and with rapid cooling, because 
the austenite is not required to absorb to any extent the carbon 
rejected by the « solid solution, but it is not observed with ordinary 
annealing rates of cooling because considerable quantities of 
carbon are transferred to the residual austenite, and complete 
diffusion of this carbon is not permitted. The Widmanstatten 
structure formed with very slow cooling or with rapid cooling 
corresponds to the normal crystal habit of «-iron; the common 
ferrite-pearlite structures formed in annealed steels are the 
abnormal structure. 

The structures of Groups 8, 4, 5, and 6 are ultimately com- 
posed of minute plates of « solid solution and cementite. These 
laminations cannot be seen in the structures of Group 6, but it 


- must be inferred from the observed facts that such plates are the 


ultimate units of the structure. Similar laminations have been 
observed by Lucas in the dark lenticular markings that occur 
in quenched high-carbon steel. 

The pattern shown in the structures of Groups 8 to 6 depends 
on the relation of the surface examined to the direction of the 
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minute laminations. Areas in which the laminations are at right 
angles to the surface examined etch darkly ; as the angle between 
the laminations and the surface examined decreases, the areas 
etch more lightly, and areas in which the laminations are inclined 
at a very small angle to the surface examined remain white. 

The structures of Group 8 appear to be formed on two sets 
of planes in each austenite grain, and the solid austenite grain 
must therefore be as illustrated in Fig. 48 (Plate XLVIII.), which 
shows the arrangement of laminations in a single grain, assuming 
the formation of these laminations to be related to two sets of 
planes at right angles. 

In the structures of Groups 4 to 6 each grain shows a definite 
symmetrical pattern, the exact appearance of which depends on 
the relation of the surface examined to the symmetry of the grain. 


Figs. 14 to 18 (Plate XLIII.), for example, represent different — 


sections of approximately similar solid grains ; to obtain a correct 
picture of the structure, it would be necessary to construct a solid 
erain from the observation of different random sections. Though 
this is impossible, it is still possible to deduce certain facts concern- 
ing the solid grain from the observation of these random sections. 
In Fig. 15, for example, a definite contrast between black and 
white areas is shown, and if this contrast were due to a constitu- 
tional difference between these areas it would persist in all sections 
throughout the grain. The contrast between black and white 
does not persist, however, when different sections of the gram 
are examined ; there is, in fact, a complete change in the etching 
contrast, as is illustrated by Vigs. 16 to 18. It follows, therefore, 
that the differently tinted areas which compose the pattern of 
a single grain are not areas of different constitution ; they are 
simply the same type of area examined at a different angle. 
With the exception of the variation in constitution between the 
minute lamine forming the ultimate components of the structure, 
the solid grain is constitutionally uniform. The laminations are 
oriented parallel to three sets of planes, and the appearance of 
the grain as a whole depends on the relation of the surface 
examined to the three sets of planes controlling the orienta- 
tion of the laminations. Fig. 44 (Plate XLVIIL.) illustrates how 
the direction of the laminations determines the appearance of a 
section through a grain. 
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The structures of Groups 8, 4, 5, and 6 are formed at a constant 
temperature under conditions that permit the formation of 
cementite lamine. Structures formed while the temperature is 
fallmg rapidly, or under conditions that do not permit the forma- 
tion of cementite lamine, have certain different characteristics. 
Thus, the appearance of a section through the grains of Groups 3 
to 6 is determined by the relation of the section to the direction 
of the minute laminations. If, however, these laminations con- 
sisted entirely of « solid solution, the appearance of an area would 
not alter with the direction of the section. Thus, in the structures 
formed at very low temperatures the patterns are not so clear. 
In the structures of Group 7 the black and white markings are 
probably due to the fact that the black areas were formed at a 
higher temperature than the white. 


SUMMARY. 


By cooling small steel specimens in molten metal at various 
temperatures between 600° C. and 220° C., the sequence of 
structures obtained when austenite is caused to decompose at 
progressively lower temperatures has been investigated. 

The ultimate composition of the product of the decomposition 
of austenite appears to vary gradually as the temperature at 
which the transition takes place is lowered. When the transition 
takes place at the normal temperature the product consists of 
%-iron and cementite. As the temperature of the transition is 
lowered, more carbon is retained in solution in g-iron, and less 
Separates as cementite. 

The crystallographic form of the product of the decomposition 
of austenite depends on whether the decomposition is initiated 
by the allotropic change or by the formation of cementite. The 
Ar’ change is initiated by cementite, and the series of structures 
obtained at Ar’ is determined by this fact. The Ar” transforma- 
tion is initiated by the allotropic change, and the structures 
formed at this change point are related to the crystallographic 
planes of the austenite. 

The relations between the Ar’ and Ar” points are deter- 
mined by the fact that the allotropic change and the forma- 
tion of cementite are differently affected by variations in the 
rate of cooling. The formation of cementite is slightly lowered, 
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interrupted, and suppressed by a progressive increase in the rate 
of cooling. The allotropic change is progressively lowered as 
the rate of cooling is increased. The progressive lowermg of the 
allotropic change cannot be realised in steels contaimimg more 
than 0-2 per cent. of carbon, for in these steels, with certain rates 
of cooling, the decomposition of the austenite is initiated by the 
formation of cementite, and this change must be suppressed before 
the initiation of the transformation by the allotropic change can 
again be realised. In low-carbon steels, however, the structure 
passes directly from ferrite and pearlite to solid solution structures, 
whose crystallographic form is similar to those produced when 
the Ar” change in high-carbon steels takes place at a high 
temperature. 

There are two series of structures produced by increasing the 
rate of cooling. Within each series the variation in structure 
is gradual. All structures formed at Ar” may be tempered, and 
the tempered structure is related to the original-structure, to the 
time and to the temperature of tempering. ‘The structures formed 
by cooling at different rates cannot be obtamed by tempering 
other structures. 

So far as crystallographic form or structure is concerned, there 
is no relation between cooling at different rates and tempering at 
different temperatures. The same ultimate constitution may, 
however, be produced in either of two ways. When the « solid 
solution produced by very rapid cooling is reheated, carbon 
gradually separates from solution and forms cementite. By 
reheating to different temperatures, all variations in constitution 
between solid solution and ferrite-cementite aggregate may be 
obtained. Thus, the globular structure, formed by tempering 
above 600° C., may have the same ultimate constitution as the 
fan structure, but the crystallographic form and the general 
properties of these two structures are entirely different. 


The results described in the present paper are part of a research 
on intermediate rates of cooling and their relation to wire-drawing, 
which is being carried out for the Wire Ropes Committee of the 
Safety in Mines Research Board. The metallurgical work is 
being done in the Royal School of Mines, and the author wishes 
to express his indebtedness to Professor H. C. H. Carpenter, 
F.R.S., under whose supervision the present work was performed. 
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DISCUSSION. 


Professor 8. M. Dixon (London) said that for the last three years 
the Committee on Wire Ropes of the Safety in Mines Research Board 
had been examining fractures of ropes which had failed in service, 
and also the recapping samples taken at stated intervals from wire 
ropes. That examination showed there must be some correlation 
between the behaviour of steel ropes in service and the microstructure 
of the steel. The mechanical tests which could be applied to steel 
were not sufficient to give the knowledge that was required of steel 
wire. The manufacture of steel wire was one of those processes in 
which the art was, he ventured to say, in advance of the science, and 
it was desirable that our knowledge should advance rapidly in order 
to solve the difficulties involved in the. manufacture of wire ropes. 
For instance, it sometimes happened that a rope which was removed 
from service only because it had fulfilled its statutory life of 34 years, 
apparently in good condition, was replaced by another rope which 
was made to exactly the same specification, as shown by the mechanical 
tests, yet the second rope would fail, under the same working conditions, 
in two years. That was a very distressing thing for the engineer, and 
anything which would throw light on the endurance of the wire was 
badly needed. 

Mechanical endurance tests were very difficult to perform, and 
gave, up to the present, very unreliable results. The ordinary 
mechanical tests made in the laboratory on wire rod treated in exactly 
the same way as the rod treated by Dr. Robertson gave the results 
which one would expect. At very low temperatures, unfortunately, 
the experiments showed some discrepancies, but he thought those 
discrepancies could be explained. Between 400° and 360°C. the 
points obtained were rather scattered ; the reason was that at that 
temperature of cooling the material was so very brittle that the very 
slightest eccentricity in the testing machine had its effect. The higher 
results were therefore selected as being more likely to be the correct 
ones. The curve showed exactly what one would expect, of course, 
but it was of interest to the engineer because he now found that the 
mechanical tests, as far as they went, confirmed the results shown in 
the paper. To show the relation between stress, strain, and tempera- 
ture a solid diagram was required. It was even easier to observe 
in a solid model, in which the curves were all drawn to scale, how 
the stress-strain curve changed its shape in accordance with the 
temperature. 

The important thing for the engineer was to notice that this was 
only a preliminary step in the investigation of hard steel wire. It 
was necessary to begin with the rod, but it seemed of the utmost 
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importance to realise that such great changes were produced by very 
small changes in the temperature of the lead bath. He thought that 
would ultimately explain some of the differences obtained in the 
endurance of steel wire. 


Professor J. H. ANDREW (Glasgow) said he had been associated 
with Dr. Robertson for very many years, and had been able to follow 
his work right from the beginning. Dr. Robertson had, for the first 
time, shown a complete series of the different structures that could 
be obtained on quenching steel in the form of thin wires. Most 
people had obtained those particular structures at different times, 
but he thought Dr. Robertson was the first to classify them into their 
respective orders. 

Dr. Robertson spoke of the formation of cementite as initiating 
the Ar’ change. He believed Dr. Robertson regarded carbon as 
existing in solid solution in the y-iron as such; his view was that 
carbon atoms existed as such and not in the form of F eg0. He took 
it, therefore, that when he (Dr. Robertson) spoke of the formation of 
cementite he meant what he said, and not merely the separation of 
cementite. That required proof. It was very difficult to reconcile 
a line of the shape of the SZ line with a line denoting the formation 
of a compound. The form of that line would rather seem to signify 
an ordinary separation such as one was used to in other systems. He 
would like to ask whether Dr. Robertson had any proof that the carbon 
existed as free carbon molecules rather than as Fe,C. 

Dr. Robertson dealt with the two changes, the Ar’ and the Ar’. 
The Ar” had been well established by Mr. Lewis, but, personally, he 
thought the Ar’ was rather doubtful, and that it was a mobile point 
rather than a particular fixed temperature. 

With regard to the author’s fan-shaped structures, it would be of 
interest to know whether he thought that the variation in the struc- 
ture which was obtained with different quenching temperatures and 
quenching rates was due to the degree of strain which the specimen 
underwent on quenching in different media. When a specimen was 
quenched in cold water there was a tremendous strain. In a less 
drastic medium the strain would be less, probably giving fan-shaped 
structures. 

He would like to ask the author what bearing the work described 
in the paper had on his (Dr. Robertson’s) theory. Personally, he 
could not at all connect that theory of hardening with the micrographs. 


Mr. J. H. Wutretey (Consett) said that his own view was that 
austenite could transform in three different ways according to cooling 
conditions. It could change directly into lamellar pearlite; or it 
could change into nodular troostite; or it could transform into 
martensite and then into troostite. He regarded the Groups 1 and 2 
described in the paper as belonging to the first method, and the 
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remainder to the second or third. It would have been useful if the 
author had tempered the latter structures in order to see how they 
resolved themselves. He was convinced that exceedingly fine carbide 
particles could move bodily, even at low temperatures, for short 
distances, and he thought that the minute laminations mentioned 
as observed in Groups 3 and 4 were due to such a movement. The 
precipitated carbide particles tended to arrange themselves along 
definite planes in the grains, and if a sufficiently high magnification 
and resolution could be obtained these lines would appear as a series 
of dots. Dr. Robertson had not stated the manganese content of the 
steel used in his experiments. It would have been of value if he had 
made a similar series of tests with a steel containing, say, 1-5 per cent. 
of carbon ; in fact, the two could have been treated together. If the 
Ar’ transformation were due to cementite inoculation, as was quite 
likely, it would be anticipated that Group 2 would appear at still 
lower temperatures with a higher carbon steel, since the tendency for 
cementite nuclei to appear should be greater. He was not clear as 
to what the author meant by the rate of formation of cementite. 
Nuclei either appeared or did not appear according to the rate of 
cooling. Was it the rate of crystal growth after formation that was 
meant ? 


Mr. Darrrey Lewis (Bridgeport, Conn., U.S.A.) said Dr. Robert- 
son’s paper and his own covered the same ground; they had done a 
lot of things in common. It would help him if Dr. Robertson would 
say what were the times of the treatments in his quenching medium. 
To explain what he had in mind, he would say that his own work had 
shown that if one quenched a steel in a quenching medium at 300° C. 
and left it there for only half a minute before taking it out, it would 
still be austenitic, and on cooling down to room temperature it would 


change over to martensite. The structure one looked at under the’ 


microscope would not be the structure formed at 300°C. at all, but 
the structure formed during the cooling. On the other hand, if one 
left the steel in the quenching medium at 300°C. for five minutes or 
more, then the austenite would break down almost completely at the 
temperature of the quenching medium and result in a structure entirely 
different from that obtained if it were left in for only half a minute. 
It was very important, therefore, to know how long the specimens 
remained in the quenching medium. 


Dr. Rozserrsoy, in reply, thanked Professor Dixon for describing 
the results of mechanical tests on lead-cooled steel, which illustrated 
very clearly the progressive change in mechanical properties that 
accompanied a progressive change in the temperature of the cooling 
medium ; they proved that the hardness produced by water-quenching 
was not an abnormal, disconnected phenomenon, but part of a con- 
tinuous change. 
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He also thanked Professor Andrew for his kind remarks. As 
Professor Andrew had suggested, he considered that carbon was in 
solution as such, and not as a compound with iron. There were 
various reasons why he held that view, which now appeared to be 
generally accepted. In the first place, he could not conceive how the 
iron carbide could maintain its identity while in solution in iron, 
unless the carbon atoms remained permanently attached to the three 
iron atoms with which they had been associated when the carbide 
existed in the free state. If that condition were not realised, how 
would the iron atoms that belonged to the carbide be distinguished 
from those that did not? if that condition were realised, it would 
mean that wherever the carbon atoms diffused in the solid iron they 
would be accompanied by three iron atoms. He considered that the 
specific volume of carbon steels supplied experimental proof of that 
view, for, whereas the specific volumes of annealed steels lay on a line 
joining the specific volume of «-iron to that of cementite, the specific 
volumes of quenched steels lay very close to the line joining the 
specific volume of «-iron to that of graphite. That difference between 
the specific volumes of annealed and quenched steels could not be 
explained by assuming that carbon existed as carbide in both cases. 
Further, the expansion that accompanied the solution of carbide in 
austenite during heating could not be attributed to the simple solution 
of that compound. Professor Andrew mentioned the shape of the 
SE line as evidence that carbon existed as carbide while in solution. 
He (Dr. Robertson) did not see how the shape of the SE line could 
be used as an argument in that connection, and in any case, the shape 
of the line was not necessarily affected by the condition of the carbon 
while in solution ; it might equally well depend on its condition when 
it came out of solution. 

With regard to the bearing of the work described in the paper on 
the theory advanced, he considered that the structures described were 
part of the general phenomena associated with the response of steel 
to heat treatment, and he had tried to embody the results obtained 
in the general theory of heat treatment. 

In reply to Mr. Whiteley, Dr. Robertson stated that the manganese 
content of the steel was about 0-6 per cent., and that the etching 
reagent, which was mentioned in the paper, was 1 per cent. nitric 
acid in alcohol. He had performed the same kind of treatments on 
steels of various carbon contents between 0-1 and 1-5 per cent., 
and the results obtained with the highest carbon contents confirmed 
Mr. Whiteley’s prediction that, owing to the increased proportion of 
carbon, Group 2 structures should be obtained at lower temperatures. 
His (Dr. Robertson’s) views on certain aspects of heat treatment 
differed somewhat from those held by Mr. Whiteley. He considered 
that it was not a question of a discontinuous series of changes like 
austenite changing to pearlite, to troostite or to sorbite, but a pro- 
gressive alteration in the structure and properties with progressive 
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variation in the temperature at which the austenite decomposed. 
A further difference between his views and those of Mr. Whiteley 
related to the decomposition of the solid solutions. Mr. Whiteley 
appeared to believe that the beginning of decomposition was accom- 
panied by the complete precipitation of the carbon as infinitely small 
particles of cementite, and that the subsequent formation of laminated 
structures took place by the aggregation and coalescence of those 
particles. He personally believed, however, that the beginning of 
decomposition was accompanied by the precipitation of a small 
quantity of carbon only, that the carbon formed small plates of 
cementite, that during subsequent decomposition those small plates 
grew by the deposition of further quantities of carbon from solution, 
and that under all conditions globules of cementite were produced 
from those plates in the same way as they could be produced from 
pearlite. 

In reply to Mr. Lewis, Dr. Robertson stated that he had experi- 
mented with various times of immersion at each temperature, the times 
used being 1, 2,4, and 9 min. The structures of Groups 3, 4, 5, and 6 
were all formed completely at the temperature of the medium, but 
the structures of Group 7 were partly formed in the medium and 
partly during subsequent cooling. 


CORRESPONDENCE. 


Professor H. C. H. Carpenter, F.R.S. (Hon. Treasurer), wrote : 
By cooling steel in molten metal Dr. Robertson has obtained structures 
of the martensitic type under conditions which permit their construction 
to be determined. When formed at high temperature (400° C.), these 
structures evidently consist of plates of ferrite and cementite arranged 
in conformity with the crystallographic planes in the austenite, and 
the interpenetration of the different sets of laminations forms the 
symmetrical grains. All the structures are three-dimensional, and 
it is only those of a very simple type that do not vary in appearance 
according to the direction in which they are cut. The author has 
done well to emphasise this fact and to show how the symmetrically 
constructed grains vary in appearance when cut at different angles. 

There is no doubt that the structures of Groups 4, 5, and 6 are of 
the martensitic type, and although this is gradually modified, both as 
regards morphology and constitution, as the rate of cooling is increased, 
its essential features persist. As Dr. Robertson has pointed out, the 
structures of Groups 4 and 5 are very similar to the Widmanstitten 
structure obtained under certain conditions during slow cooling; in 
fact, the only difference between the two types of structures is that in 
the ordinary Widmanstitten structure the grains are composed of a 
framework of ferrite parallel to the crystallographic planes in the 
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austenite and a matrix of pearlite, whereas in the structures of Groups 4 
and 5 the grains are composed of different sets of ferrite-cementite 
laminations. There is clearly some connection between these 
structures, and this is the crystal habit of the «-iron. This leads to 
the conclusion that there is nothing abnormal or peculiar about the 
martensitic structure ; it is the normal type of structure, and is pro- 
duced whenever the change takes place in such a way that the crystal 
habit of the «-iron is the controlling factor. 

In the theoretical interpretation of the effects of heat treatment 
it has been customary to disregard some of the implications of the 
iron-carbon diagram. This diagram represents exactly the relations 
between iron and carbon during slow cooling, but this does not exhaust 
its application, and there is much in the present paper to show that 
it also indicates the qualitative effects of varying the rate of cooling. 
In other words, a progressive increase in the rate of cooling is accom- 
panied by a gradual modification of the diagram, and the product of 
the decomposition of austenite is determined by the temperature at 
which it decomposes and by the manner in which the change is initiated. 
In a particular steel, as the temperature of the transformation is 
lowered more carbon is retained in solution and less separates as 
cementite, and the constitution of the steel gradually alters from an 
aggregate of ferrite and cementite to a solid solution of carbon in 
w-iron. The structure varies with the constitution, but these two 
factors are not absolutely interdependent. The structure also depends 
on the part played by the grain boundaries, the amount of diffusion 
that accompanies the change, and whether cementite and ferrite are 
forming simultaneously or not. 

Martensite is the result of two coincident factors. Its constitution 
is determined by the fact that at low temperatures the allotropic 
change can take place with the carbon still in solution. Its structure 
is determined by the fact that under the conditions of its formation 
the crystal habit of the «-iron is the controlling factor. The hardness 


_ of martensite—that is, its resistance to plastic deformation—is related 


to its structure and its constitution. It is probable that the hardness 
of solid solutions of carbon in «-iron increases with the carbon content, 
and when it is remembered that each grain of austenite is transformed 
into a structure consisting of innumerable minute plates of a solid 
solution, oriented in various directions and generally alternating with 
films of cementite, it is natural that the material is practically incapable 
of plastic flow. 


Dr. Roserrson thanked Professor Carpenter for his remarks, and 
stated that he was in entire agreement with his (Professor Carpenter’s) 
suggestions concerning the relations of the work to the iron-carbon 
diagram, and to the formation, structure, and mechanical properties 
of martensite. 
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THE TRANSFORMATION OF AUSTENITE INTO 
MARTENSITE IN A 0-8 PER CENT. CARBON 
STEEL.* 


By DARTREY LEWIS, M.Mzr. (BripcEPport, ConnEcTICUT). 


INTRODUCTION. 


Dunrine the course of an investigation of the effect of the tempera- 
ture of the quenching oil upon the properties of a 0-8 per cent. 
carbon steel, curiosity led to the trying of temperatures of the 
quenching medium higher than could be obtained with oil, 
and some experiments were made in which the Specimens were 
quenched in molten tempering salt. It was found that specimens 
quenched in salt at 282°C. (450° F.) were, on withdrawal from the 
salt, non-magnetic and soft, but that on cooling in air they became 
strongly magnetic and extremely hard and brittle. Higt 504 
(Plate XLIX.), shows a specimen which was quenched from 
816° C. (1500° F-.) in salt at 282° C. (450° F.). It was then taken 
out of the salt and bent to the curved shape shown in Bie moynos 
It then cooled in air to room temperature, when a second attempt 
to bend it caused a completely brittle fracture, as shown in the 
photograph. In another experiment with the same heat treat- 
ment, the Rockwell hardness was quickly measured immediately 
after withdrawing from the salt, and again after cooling to room 
temperature. The Rockwell hardnesses hot were C-24 and 0-26 
(approximate Brinell hardness, 260), and cold C-58 and C-60 
(approximate Brinell hardness, 650). 

That steel of this composition could be quenched to compara- 
tively stable austenite which transformed into extremely hard 
martensite by quite slow cooling was unexpected. At that time 
pressure of other work prevented further investigation, but 
later the work described in this paper was carried out. So far 
it has only been possible to work with one steel, but it is ex- 
pected to extend the work to other steels as soon as possible. 


* Received February 14, 1929. 
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In consequence, this paper should be regarded as a progress 
report on a new way of investigating the martensite or Ar” trans- 
formation.” The main conclusions of the paper, however, have 
been checked in three steels of similar composition to ensure 
that the results were not peculiar to the steel used. 


PROGRAMME OF INVESTIGATION. 


The steel investigated had the following composition : 


Carbon. Manganese. Silicon. Phosphorus. Sulphur. ‘Chromium. Nickel. Copper. 

0-79 0-45 0-22 0-010 0-023 0-09 0-01 0-06 per cent. 
It was of basic open-hearth origin, and had been hot-rolled to 
5-gauge rod and drawn one hole to 0-192-in. diam. wire. 

Pieces of this wire were heated and then quenched in molten 
salt at various temperatures. Hither 4 min. or 5 min. in the salt 
was given, and the pieces were then allowed to cool in air to room 
temperature, during which cooling records were made of changes 
of length and magnetic properties. Owing to the salt freezing 
it could not be used for temperatures below 149° C. (300° F.), 
and therefore a slightly different technique was employed for 
these temperatures. The wire was quenched in salt at 232° C. 
(450° F.) for 4 min., as before, in order to retain the same rate of 
quenching through the upper critical range, and was then trans- 
ferred to the oil at the temperature required for 5 min. It was 
then cooled in air to room temperature as before. 


DESCRIPTION OF THE APPARATUS. 


Heating Furnace—A Leeds and Northrup “ hump” furnace 
was used ; it was automatically controlled, and it maintained the 
quenching temperature at 816° C. + 5° C. (1500° F. + 9° F.). 
The wire specimen was held in a 16 B. & S. gauge chromel non- 
magnetic wire holder, and was heated in the furnace for 4 min. ; 
2 min. were required for the outside of the wire to reach the 
temperature of the furnace. 

Salt and Owl Baths—An electrically heated salt pot containing 
a commercial nitrate-nitrite drawing salt which melted at about 
143° C. (290° F.) was used. The temperature was measured by 
a thermometer up to 316° C. (600° F.) and then by a thermo- 
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couple. The oil was electrically heated, and its temperature was 
measured by a thermometer. 

Dilatometer—A photograph of the dilatometer is shown in 
Fig. 6 (Plate XLIX.). Changes of length were indicated by an 
“Ames” dial gauge graduated in ten-thousandths of an inch. 
The specimens were 54 in. long. The upper ends were pointed 
to fit into a hole in the end of the stem of the dial gauge, and the 
lower ends were ground hemispherically and rested on a piece of 
thin strip steel clamped between two pieces of asbestos board. 
The specimens could be placed in the dilatometer and the first 
readings taken within 15 sec. The dilatation curves were plotted 
on the basis of the length of the specimens 15 sec. after their 
removal from the quenching medium. 

Magnetic A pparatus.—The magnetising coil used is shown in the 
photograph of the dilatometer, Fig. 6. This coil formed part (D1) 
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‘Fic. 1.—Alternating Current Bridge. 


of the alternating current bridge shown in Fig. 1. A weak 
magnetising field was used. The bridge was completely balanced 
with no specimen in the coil L1. The phase of the field current 
of the galvanometer was adjusted by means of the phase shifting 
transformer, so that a change of R3 and R4 produced no deflection. 
With this adjustment the galvanometer deflection measured the 
change of inductance of the coil L1 when the specimen was 
introduced into it, but it was insensitive to changes of resistance 
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of Li. In other words, the deflection of the galvanometer was 
proportional to the intensity of the magnetisation of the specimen. 
The sensitivity of the galvanometer was adjusted by means of 
R5, so that the deflection of a standard specimen was constant 
for all experiments. 


PRESENTATION AND Discussion oF RESULTS. 


As previously explained, the specimens were quenched in salt 
at various temperatures, and then air-cooled. In Figs. 2 and 8 
the changes of length and intensity of magnetisation during the 
air-cooling are plotted against the cooling time in minutes. In all 
cases the temperature of the wire was below 85° C. (95° F.) at the 
end of 10 min. 

Salt at 232° C. (450° F.). (Fig. 2).—On air-cooling, an ex- 
pansion occurred which continued to room temperature. Also, 
the steel was practically non-magnetic at 232° C. (450° F.), but 
it became increasingly magnetisable on cooling. The micro- 
structure after cooling was martensitic, as is shown in Fig. 7 
(Plate L.). Apparently the steel was austenitic after quenching 
at this temperature, and changed to martensite during the air- 
cooling. Furthermore, the austenite had some degree of stability, 
because there was no difference between the curves after 4 min. 
and 5 min. in the salt. The steel quenched at 232° C. (450° F.) 
may be compared with Hadfield’s manganese steel quenched at 
20° C. (68° F.); both are austenitic, and may be converted to 
martensite by cooling. 

The work of a number of investigators & #*®&%%%19 on the 
tempering of steels of similar composition to the one under con- 
sideration is of interest in connection with the stability of aus- 
tenite. It has been shown that, when a quenched steel contains 
a mixture of austenite and martensite, on tempering the martensite 
breaks down at a lower temperature than the austenite. In par- 
ticular, Rawdon and Epstein say that in a quenched 1-12 per 
cent. carbon steel the austenite is not decomposed by tem- 
pering for 43 hr. at 200° C. (892° F.), but rapidly decomposes 
at 250° C. (482° F.), and Whiteley,“ referring to a quenched 
2-35 per cent. carbon steel, states that the austenite is stable at 
200° C. (892° F.), but tempers at 280° C. (586° F.). 
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Salt at 205° C. (400° F’.), 177° C. (850° F.), and 149° C. (300° F.). 
(Fig. 2).—Cooling from these temperatures showed by the amount 
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Fie. 2.—Curves showing Changes of Length and Magnetisa- 
tion on Air-Cooling after Quenching in Salt for $ min. 
or 5 min. at the Temperatures shown. Curves marked 
“oil”? were quenched in salt for 4 min. at 232° C. 
(450° F.), then in oil at the temperatures shown, and 
then cooled in air. 


of expansion and the degree of magnetisation that most of the 
martensitic change had been completed at 149° C. (300° F.). 
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The small difference between the 3-min. and 5-min. curves from 
205° C. (400° F.) and 177° C. (850° F'.) should be noted. The 
transformation of austenite to martensite was so rapid at these 
temperatures that practically all the change had taken place 
during the first $ min. in the salt. The difference between 
the 4-min. and 5-min. curves from 149° C. (800° IF.) was greater, 
showing that at this temperature the velocity of reaction was 
slower. It is interesting to note that the 5-min. curve showed 
a certain degree of under-cooling before the martensite reaction 
restarted. The microstructures are shown in Figs. 8 and 9. 
It will be noticed that the martensite in Fig. 9 was smaller grained 
than that in Fig. 8, owing to the more rapid rate at which it had 
been formed. 

Salt at 282° C. (450° F.) for half a minute, then Oil at 121° C. 
(250° F.), 94° C. (200° F.), 66° C. (150° F.), and 88° C. (100° F.), 
for 5 min. (Fig. 2).—Changes in length and magnetisation show 
that the change to martensite was still mcomplete at 94° C. 
(200° F.), and a distinct under-cooling effect was shown before 
the change restarted. The microstructures are shown in Figs. 10 
and 11 (Plates L. and LI.). It is thought that the amount of 
troostite in the micrographs is not of special significance, but 
depends upon how effectively the quenching suppressed the 
Ar, point. The cooling curves from 66° C. (150° F.) and 88° C. 
(100° F.) do not show any evidence of the martensite change. 
It is thought probable that at these temperatures the under- 
cooling effect may be such that the change did not start again in 
the small cooling range of temperature available. Preliminary 
experiments in which the cooling was continued to — 60°C. 
(— 76° F.) were inconclusive owing to experimental difficulties. 
However, there is much experimental evidence available showing 
that a quenched steel of this composition contains austenite at 
room temperature which may be converted, at least in part, to | 
martensite by cooling in liquid air. 1 1? 18, 14, 18) 

Salt at 260° C. (500° F.), 288° C. (550° F.), and 816° C. (600° F.). 
(Fig. 3).—The austenite which was quite stable over a period of 
5 min. at 282° C. (450° F’.) lost stability as the quenching tempera- 
ture was raised to 816° C. (600° F.). Even so the decomposition 
was slow, and after 4 min. in the quenching bath the steel 
was mainly austenitic, as is shown by the large expansion and 
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increase in magnetisation on cooling. After 5 min., however, com- 
paratively little austenite remained, particularly at the higher 
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Fig. 3.—Curves showing Changes of Length and Mag- 
netisation on Air-Cooling after Quenching in Salt 
for 4 min. or 5 min. at the Temperatures shown. 


temperatures. The structural nature of the product of decom- 
position of the austenite is shown in Figs. 12 to 16 (Plates LI. 
and LII.). It was expected that the decomposition would 
produce troostite, and the martensitic appearance of the 
1929—1. 2F 
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microstructures was surprising. Apparently the austenite de- 
composed into a needle-like crystallisation at temperatures above 
232° C. (450° F.), as well as below this temperature. Above this 
temperature, however, the decomposition was slow, and resulted 
in large needles and low hardness, while below this temperature 
the decomposition was very rapid, producing smaller needles and 
great hardness. The phenomenon might well be one of metastable 
and labile crystallisation, as suggested by Hallimond.°® 

Salt at 848° C. (650° F.), 871° C. (700° F.), and 427° C. (800° F.). 
(Fig. 8).—An increase in the temperature of the quenching medium 
from 816° C. (600° F.) to 848° C. (650° F.) caused a sudden change 
in the reaction which took place. The dilatation curves showed 
little difference between the 4-min. and 5-min. curves, so that the 
reaction was extremely rapid and the contraction was continuous, 
with no evidence of a martensitic expansion. The magnetisation 
curves showed for the first time a marked increase of intensity of 
magnetisation at the cementite point Ay, proving the formation 
of large amounts of cementite before air-cooling started. The 
microstructure (Fig. 17) was entirely sorbitic, and showed no 
needle-like characteristics. It is thought that the marked change 
in properties and structure was due to the inability of the 
quenching medium at these temperatures to suppress the Ar, 
change, so that little or no austenite was retained in the steel 
when it reached the temperature of the salt bath. Otherwise it 
is difficult to explain the sudden increase in the rate of decom- 
position of the austenite, and the different type of structure 
resulting from that decomposition. 

Effect of Soaking Tvme.—In order to determine whether the 
short soaking time had a material effect on the results, a treatment 
in salt at 205° C. (400° F’.) for 5 min. was repeated with a soaking 
time of 15 min. instead of 4 min. The increased soaking time 
had little effect upon the results, as is shown by the following 
figures: The expansions were 0-0152 in. and 0-0141 in., and 
the intensities of magnetisation gave 15 and 14 mm. initial 
deflections, and 46 and 46 mm. final deflections, for ne 4-min. 
and 15-min. soaking times respectively. 

The change to martensite was partially complete at 205° C. 
(400° F'.) (see Fig. 2), and the fact that it did not progress 
further in 5 min. than in 4 min. suggested that the change wag 
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one taking place over a temperature range for a reason not due 
to sluggishness of the reaction. It was thought that the reason 
might be non-uniformity in the composition of the austenite. 
However, a threefold increase in the soaking time did not cause 
the reaction to proceed any further, and therefore it seems 
probable that the reason for the temperature range is one of 
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Fia. 4.—Hardness after Quenching in Medium at Temperatures shown 
for 5 min. and Cooling in Air to Atmospheric Temperature. 


fundamental importance in understanding the mechanism of the 
formation of martensite. 

Hardness—The Rockwell C scale hardness of the specimens 
at room temperature after various treatments is given in Fig. 4. 
The hardness is plotted against the temperature of the quenching 
medium, and a scale showing the approximate Brinell number 
has been added. ‘The plotted curve refers to the treatments with 
5 min. in the quenching medium. It will be seen that the 
decomposition of austenite below 232° C. (450° F.) resulted in 
great hardness (Rockwell hardness, C-59; Brinell hardness, 650) 
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and that as great a hardness resulted from air-cooling as from oil- 
cooling through the martensitic transformation. On the other 
hand, when the austenite decomposed above 232° C. (450° F.), 
the hardness became progressively less, until at 427° C. (800° F.) 
the Rockwell hardness was C-25 (Brinell hardness about 260). 


CoNCLUSIONS. 


1. A 0-8 per cent. carbon steel may be quenched in a molten 
salt bath at 282° C. (450° F.) to comparatively stable austenite, 
which will convert to martensite on cooling. The cooling may be 
slow or rapid, with practically no influence on the final hardness 
(Rockwell hardness, C-59 ; Brinell hardness, 650). 

2. A two-stage hardening of the type described above should 
have many commercial applications in the hardening of steel of 
this class, because the quenching can be placed under full scientific 
control. The rate at which the change to martensite takes place 
may be made very slow, and in cases where the steel is drawn 
without cooling to room temperature the quantity of martensite 
formed may be controlled. Such treatment should be of value 
in avoiding quenching cracks and distortion. 

3. The fact that the austenitic state is stable in this steel at 
232° C. (450° F.) for at least 5 min. opens up the possibility of 
conducting forming operations at this temperature. The parts 
would then harden on cooling in air. 

4. When the austenite in a 0-8 per cent. carbon steel decom- 
poses below 282° C. (450° F.) the reaction is rapid and the product 
hard martensite. Above this temperature (at any rate up to 
316° C. (600° F.)) the decomposition is comparatively slow (that 
is, Incomplete in 5 min.), and the product has a martensitic 
appearance. However, the needles are very large, and the 
hardness is low. It is probable that below 282° C. (450° F.) 
crystallisation takes place from a labile state, whereas above this 
temperature the crystallisation is from a metastable state. 

5. A comprehensive theory of the formation of martensite 
has not been attempted in this paper because of the limited facts 
available, but it is thought that further experiments, using the 
methods described, should help considerably towards a better 
understanding of the hardening of steel. 
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Fic. 5.—A straight wire (4) was quenched in salt at 232° C. (450° F.), 
removed, immediately bent (B), and then allowed to cool in air. When 
cold, another attempt to bend caused the quite brittle fracture shown. 


Fic. 6.—Dilatometer and magnetising coil. 
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Fic. 7.—Specimen quenched in salt Fic. 8.—Specimen quenched in salt 
at 232°C. (450° F.) for 5 min., at 205° C. (400° F.) for 5 min., 
then cooled in air. then cooled in air. 


Fic. 9.—Specimen quenched in salt 


Fic. 10.—Specimen quenched in salt 
at 149° C. (300° F.) for 5 min., at 232° C. (450° F.) for 4 


$ min., 
then in oil at 94° C. (200° F.) for 
5 min., then cooled in air. 


then cooled in air. 


Magnification 1000 diam. ; reduced in reproduction to one-half, 
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Fie. 1 1.—Specimen quenched in salt Fic. 12.—Specimen quenched in salt 
at 232 C. (450° F.) for $ min., at 260° €2(500> B.) for 5 min., 
then in oil at 38°C. (100° F.) for then cooled in air. 


5 min., then cooled in air. 


Fic. 13.—Specimen quenched in salt Fic. 14.—Specimen quenched in salt 
as Zels (Cz (Ss 12) sie 2 isoubn., eye Bets (C, ((SeiO> 1.) sioie (5 saautay,, 
then cooled in air. then cooled in air. 


Magnification 1000 diam. ; reduced in reproduction to one-half. 
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Fic. 15.—Specimen quenched in salt Fic. 16.—Specimen quenched in salt 
av Gl64(Cn(600> E)\ior > mun, At ol67 | Cu(6002 tHe sforon mim, 
then cooled in air. then cooled in air. 


Fic. 17.—Specimen quenched in salt 
at 343° C. (650° F.) for $ min., 
then cooled in air. 


Magnification 1000 diam. ; reduced in reproduction to one-half. 
(To face p. 437 
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DISCUSSION. 


Professor J. H. Anprew (Glasgow) remarked that Mr. Lewis’ 
paper showed very clearly that there was a definite change from 
austenite to martensite at a temperature of about 200°C. He com- 
plimented the author on his neat method of attacking the problem. 


Mr. J. H. Wurreney (Consett) said he thought Mr. Lewis had 
given an extremely interesting paper. To demonstrate that, even in 
a 0:8 per cent. carbon steel, austenite was comparatively stable at 
230° C. was certainly of importance. The lattice structure shown in 
Figs. 12, 14, and 16 appeared to be identical with that which could be 
obtained by tempering martensite containing from 0-75 to 1-5 per 
cent. of carbon at 200°C. The change which then occurred was 
remarkable and extraordinarily rapid. There was no resemblance 
between the original martensite structure and that produced. In a 
recent paper on martensite and troostite he had given some evidence 
which indicated that a part of the martensite was actually converted 
again into austenite by the treatment, while the remainder changed 
into troostite. The austenite in the lattice structure then appeared 
white on etching. He was aware that no one believed that to be the 
case, yet, nevertheless, it was not impossible. In a composite sample 
with a carbon content ranging from 0-2 to 2-3 per cent., he had 
found the lattice structure obtained by tempering to merge gradually 
into that of austenite and zigzag troostite as the carbon increased 
to above 1-5 per cent. Throughout, the white constituent appeared 
identical, and it was certainly austenite in the high-carbon region. 
Was the stability of austenite greater between 200° and 250° C. than 
at higher temperatures up to Ar” where martensite had hitherto been 
considered to form? It would be valuable if Mr. Lewis could investi- 
gate that point by his method. 


Mr. Dartrey Lewis, in reply, said the discussion had been confined 
mainly to the scientific aspect of his paper. He was very grateful to 
the two gentlemen who discussed the paper, and he took it from their 
remarks that they agreed with him fairly well. Mr. Whiteley’s sug- 
gestion that under certain conditions the change from austenite to 
martensite was reversible was extremely interesting. 

He had been rather disappointed, however, that no discussion took 
place on the practical aspect of the paper, and he would like to say 
again that it had two possible applications. One arose from the fact 
that if one quenched | a 0-8 per cent. carbon steel in a quenching 
medium at about 230°C. it was austenitic and soft, and remained 
austenitic for at least 5 min., which gave time for it to be formed, if so 
desired. Coil springs, for instance, could be made by quenching the 
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spring wire in a continuous operation in a salt bath at 230° C., then 
letting it run out of the salt bath as austenite and wrapping it up in the 
coiling machine as a coil which, as it cooled down to room temperature, 
would harden up to 650 Brinell hardness. Thus one would obtain a 
heat-treated spring in a new way, without the disadvantages of having 
to form the coil first and then heat it up to the quenching tempera- 
ture, which caused a lot of oxidation and deformation. The suggested 
method was well worth trying. The other application was based on the 
fact that when the steel was quenched in a salt bath at that temperature 
it would harden on cooling in air. In that way quenching cracks and 
distortion would be avoided, because the rate at which the steel went 
through the transformation was very slow; apparently it might be as 
slow as one liked. 

Another point was that the steel need not be cooled all the way 
through the transformation ; it could be cooled so as to have definitely 
some austenite still left, and then tempered immediately, so that some 
austenite never went over to martensite. That would reduce the strains 
in the material, because there would be some soft matrix material there 
all the time. 


CORRESPONDENCE. 


Dr. M. S. Fisner and Dr. J. M. Roserrson (London) wrote: 
Mr. Lewis has shown that when austenite is rapidly cooled by immers- 
ing it in molten salt, the rate of decomposition of the austenite at 
the temperature of the cooling medium decreases progressively as the 
temperature of the medium is lowered from 343° C. to 232° ©. If 
the steel is removed from the salt bath before all the austenite has 
decomposed and is allowed to cool in air, the remaining austenite 
decomposes rapidly, with an accompanying expansion, as the tem- 
perature falls. When the temperature of the medium is below 232° C., 
and the steel is withdrawn from the bath after a given time interval, 
the amount of expansion that occurs during the air-cooling decreases 
as the temperature of the medium is lowered; this, however, is not 
because of an increase in the rate of decomposition of austenite at the 
temperature of the medium, but because the austenite decomposes 
while cooling to the temperature of the medium. Similar results, 
which illustrate the phenomena under discussion even more clearly, 
were obtained by Matsushita, who cooled specimens in water to 
temperatures in the Ar” range, withdrew them from the water and 
held them in air for varying times, and finally cooled them to the 
ordinary temperature in water. He found that the decomposition of 
the austenite at Ar” proceeded rapidly while the specimen was cooling 
in water, that it practically stopped when the specimen was held in air, 
and that it again proceeded rapidly when the specimen was replaced in 


1 Science Reports of the Tohoku Imperial University, Sendai, 1923, vol. xii. p. 7. 
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the water. He further found that if the final cooling was performed 
in oil instead of water, the time required to complete the change was 
proportional to the rate of cooling. 

These results, together with those obtained by Tammann and 
Scheil? and by Andrew, Fisher, and Robertson,” show that the de- 
composition of austenite at constant temperature is a function of time, 
whereas during continuous cooling it is a function of the rate of cooling. 
The lower the temperature, the more slowly does austenite decompose 
at constant temperature. The reason is that at constant temperature 
austenite decomposes into an aggregate of «-iron and cementite ; the 
rate of the reaction is controlled by the rate of formation of cementite, 
which, being dependent on the rate of diffusion of carbon, decreases 
as the temperature is lowered. Decomposition of austenite during 
continuous cooling proceeds as the temperature falls, and at a rate 
proportional to the rate at which the temperature falls. The reason 
is that the austenite changes directly to supersaturated « solid solution 
(commonly called martensite). As the carbon remains in solution, the 
rate of the reaction is independent of the rate of formation of cemen- 
tite ; it is of course affected by the rate of diffusion of carbon, but 
only to a comparatively small extent, because the amount of carbon 
that must diffuse is comparatively small. 

From the fact that continuous formation of supersaturated « solid 
solution takes place only during continuous cooling, it may be deduced 
that the reaction involves selective freezing. The austenite does not 
change suddenly into «-iron with the carbon trapped i situ, but a 
proportion of the carbon is rejected by the « solution, and diffuses 
into the mother austenite. The amount of carbon transferred from 
the « solution to the austenite may be very small, but some transference 
of carbon must take place, for otherwise continuous formation of super- 
saturated « solution could proceed at constant temperature. Actually, 
the formation of the first minute quantity of « solution increases the 
carbon concentration of the austenite in its immediate vicinity. This 
effectively stops more « solid solution from forming round the original 
centres. The reaction can only continue if the temperature is lowered ; 
crystallisation can then continue round the original centres and at new 
centres, the concentration of both the austenite and the « solid solution 
increasing as the temperature falls. The formation of supersaturated 
« solid solution at Ar” is therefore a process similar to the formation 
of ferrite under normal conditions; it involves selective freezing, it 
proceeds continuously as the temperature falls, and it stops when the 
temperature remains constant. 


Mr. Lewis wrote, in reply to Dr. M.S. Fisher and Dr. J. M. Robert- 
son, that he was very interested in their views regarding their theory 
of the manner of decomposition of austenite. He had given considerable 


1 Zeitschrift fiir anorganische Chemie, 1926, vol. cxxvii. p. 1. 
* Proceedings of the Royal Society, 1926, (A), vol. cx. p. 391. 
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thought to the theoretical aspect of the phenomena described in his 
paper, but did not feel ready at the time that the paper was presented 
to put forward his ideas on the subject. He was in general agreement 
with the views expressed by Dr. Fisher and Dr. Robertson, except that 
he was not sure that the decomposition of austenite at a constant 
temperature was governed by the precipitation of cementite in the 
temperature range under consideration. As a result of further experi- 
ments similar to those described in his paper, he hoped to be able to put 
forward a more satisfying theory of the decomposition of austenite than 
was at present available. 
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CONSTITUTIONAL DIAGRAMS FOR CAST 
IRONS AND QUENCHED STEELS.* 


By A. L. NORBURY, D.So. 
(British Cast Iron ResEarcu ASsocraTIoN, BIRMINGHAM). 


(1) Introduction.—While making a number of crucible melts 
of grey cast irons of various total carbon and silicon contents, 
from mixtures of Swedish white iron, Armco iron, ferro-silicon, 
ferro-manganese, and ferro-phosphorus, it was found that in 
many cases irons having identical chemical compositions, cast 
under identical conditions (but melted under different conditions), 
had widely different microstructures, combined carbon contents, 
tendencies to chill, and mechanical properties. 

Typical microstructures of medium silicon grey irons of 
similar chemical compositions but different microstructures are 
shown in Figs. 16 and 17 (Plate LIII.), while similar micrographs 
for high-silicon irons are shown in Figs.18 and 19. It will be seen 
that in one type of iron the graphite is in a very finely divided 
form, which has been called ‘supercooled graphite,’ whereas 
in the other type of iron the graphite is in the form of relatively 
coarse flakes, which has been termed “ normal graphite.” (All 
intermediate sizes have also been obtained.) It has also invari- 
ably been found that the fine graphite tends to be associated 
with ferrite in the matrix, while the coarse graphite tends to be 
associated with pearlite in the matrix—for silicon contents below 
about 3 per cent. Fine (supercooled) graphite structures similar 
to the above have been obtained by Piwowarsky,” Hanemann,” 
Bardenheuer and Zeyen,® and others by superheating the melt. 
The explanation advanced by these investigators is that the 
refining of the graphite is due to the destruction of graphite nuclei 
in the melt. Schiiz has obtained similar structures by casting 
high-silicon (8-5 per cent. silicon) irons in chill moulds. Irres- 
berger ® has obtained them by jolting molten cast iron which had 
been melted with steeladditions. This fine graphite structure had 


* Received February 16, 1929. 
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also been obtained—as shown by their micrographs—by earlier 
investigators—for instance, Hague and Turner, Coe, &e. 

By controlling the melting conditions in the above-mentioned 
crucible melts it was possible to make two types of grey iron, 
which have been grouped as series A and series B respectively. 
In series A the graphite was largely of the fine (supercooled) type, 
although a certain amount of coarser graphite was also present 
in certain cases. In series B, on the other hand, the graphite was 
almost entirely of the coarse (normal) type. 

The combined carbon contents of 1-2-in. diam. sand-cast bars 
of series A and series B irons are shown in Fig. 1, plotted against 
total carbon contents vertically and silicon contents horizontally. 
The manganese contents were 1 per cent. in all cases, except 
where a full circle has been drawn round a combined carbon 
content, which indicates a manganese content of 0-3 per cent., 
or a dotted circle which indicates a manganese content of 0:6 per 
cent. The phosphorus contents were 0-03 per cent. in all cases, 
except where a line has been drawn beneath the number, which 
indicates a phosphorus content of 0-3 per cent. The sulphur 
contents were 0:03 per cent. in all cases. 

Curved chill lines have been drawn, which separate grey iron 
bars from the white and mottled iron bars. Lines showing the 
effect of silicon on the carbon content of the eutectic have 
also been included, also dotted curves dividing pearlitic-ferritic 
irons from ferritic irons in series A and pearlitic irons from 
ferritic irons in series B. It will be noted that the combined 
carbon contents of irons in series A are lower than those of 
irons of similar chemical composition in series B, which is in 
agreement with the microstructures referred to above. 

Chill curves—that is to say, curves dividing white and mottled 
irons from grey irons—for 1-2-in., 0-875-in., 0-6-in., and 0-4-in. 
diam. sand-cast bars are shown in Fig. 2. It will be seen that the 
irons in series A of the supercooled (fine) graphite type show a 
considerably greater tendency to chill than irons in series B of 
the normal (coarse) graphite type. It is noteworthy that irons 
in series A show an increased tendency to chill, but have lower 
combined carbon contents on solidifying grey. The fractures of 
the grey iron bars were also markedly different. 

In series A the fractures tended to be very finely granular, 
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and dull black or sooty in appearance. A typical fracture of a 
0-875-in. diam. sand-cast bar in series A containing total carbon 
2-81, combined carbon 0-14, silicon 4-58, manganese 0-98, 
sulphur 0-03, and phosphorus 0:03 per cent., is shown in 
Fig. 20 (Plate LIV.). In series B, on the other hand, the frac- 
tures tended to be coarsely granular, to be steely-grey rather than 
dull black, and to contain numerous shining graphite flakes. A 
typical fracture is shown in Fig. 21 of an iron in series B con- 
taining total carbon 2-71, combined carbon 0-17, silicon 4: 46, 
manganese 1-10, sulphur 0-08, and phosphorus 0-380 per cent.— 


Fie. 3.—Mottled Frac- Fie. 4.—Mottled Frac- 
ture, typical of Irons ture, typical of Irons 
in Series A (supercooled in Series B (normal 
fine graphite type). coarse graphite type). 
Natural size. Natural size. 


that is, of similar composition to that shown in Fig. 20. 
(Figs. 20 and 21 were photographed on the same plate.) The 
fractures are, of course, also largely dependent on the total 
carbon and silicon contents. 

The fractures of the mottled bars were also different in irons 
in series A and B, as shown in Figs. 8 and 4. In Fig. 3 the white 
fracture contains spots of supercooled graphite throughout, and 
a ring of supercooled graphite round the edge. Bardenheuer 
and Zeyen ® (loc. cit., p. 862) have suggested that such graphite 
is formed by the sand particles of the mould acting as nuclei. 
It seems likely, however, that its formation is also due to the 
fact that the outer layers are able to undergo more readily the 
expansion necessary for graphitisation. Except in the graphi- 
tised spots, the inside layers have been prevented from solidi- 
fying grey with consequent expansion, owing to the resistance 
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and pressure exerted by the contraction of the solidified outer 
layers. The form of this graphitisation is reminiscent of troostite 
in martensite. The fractures of mottled bars of series B type 
shown in Fig. 4 were normal—namely, white on the outside and 
grey in the centre, consequent on the retardation of the rate of 
cooling from the edge to the centre. 

The internal pressure consequent on supercooling followed by 
the expansion due to an iron of series A type solidifying grey is 


Fig. 5.—Pipe, typical of Fie. 6.—Pipe, typical of 
Irons in Series A Irons in Series B 
(supercooled fine gra- (normal coarse gra- 
phite type), showing phite type). Natural 
extruded _ eutectic. size. 


Natural size. 


indicated by the nature of the pipe shown in Fig. 5. In such a 
case the expansion accompanying the deposition of graphite from 
the melt has caused the eutectic, which was still liquid between 
solid austenite dendrites in the central portion of the hypo- 
eutectic test-bar, to be squeezed so that it has been extruded 
and formed globules in the pipe. (Microscopic examination 
showed that such globules were of eutectic composition.) If the 
conditions are suitable, the pressure may be sufficient to prevent 
the central portion solidifymg grey—in which case internal chill 
will again result. The pipes in the series B type of iron (as 
shown in Fig. 6) were normal—that is, they contained no 
extruded globules. 


The phosphide network structures at a magnification of 
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25 diam. obtained by deep etching in nitric acid (sp. gr. 1-2) 
were larger in the grey irons in series A than in the grey irons 
in series B. ‘Typical networks of irons in series A and B are 
shown respectively in Figs. 22 and 23 (Plate LIV.). These net- 
works are presumably due to the crystallisation of the hquid 
eutectic (contained between the solid austenite dendrites) pro- 
ceeding from a limited number of centres. From each centre the 
crystallisation proceeds outwards until it meets crystallisation 
proceeding from a neighbouring centre. The last portions of 
eutectic to solidify (the phosphide eutectic) consequently crys- 
tallise farthest away from the centres and give the network 
structure. The fact that the network size is larger in series A 
than in series B may be due to the slower rate of solidification: 
consequent on supercooling. 

In order to explain the above results and certain others which 
will be referred to in due course, constitutional diagrams for cast 
irons have been constructed in which normal and supercooled 
systems are shown. 

(2) Analogy with Aluminium-Silicon Alloys.—A similar type of 
equilibrium diagram showing normal and supercooled systems * 
has recently been proposed for the aluminium-silicon alloy system 
by Gwyer and Phillips,® Gayler,® and others. The micro- 
structures of modified (supercooled) and normal aluminium- 
silicon alloys (shown in their papers) are strikingly similar to 
those shown in Figs. 16 to 19. 

The modified aluminium-silicon alloys are obtained by chilling, 
or by adding metallic sodium or caustic soda or certain other 
modifiers to the melt. The precise action of these modifiers is 
not completely understood, but, from analogy with cast iron, it 
may consist in fluxing and removing from the melt particles 
—such as oxides—which act as nuclei. It is suggested that the 
fine and coarse graphite structures obtained in grey cast irons 
are analogous to the fine and coarse structures obtained in modified 
and normal aluminium-silicon alloys. Constitutional diagrams 
have consequently been constructed for cast iron showing normal 


* Diagrams showing normal and supercooled systems were first proposed by 
Miers and his collaborators to represent the crystallisation of various substances 
from aqueous and organic solutions. The principles of supercooling, &c., enun- 
ciated have also been applied to alloy systems by Huntington and Desch, Stead, 
Portevin, Hallimond, and others. (See Miers 4) and Hallimond.(5)) 


1929—i. 2a 


450 NORBURY : CONSTITUTIONAL DIAGRAMS FOR 


and supercooled systems, both for the austenite-graphite system 
and for the austenite-cementite system. In view of the con- 
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siderable effect of silicon on the positions of the phase boun- 
daries, three iron-carbon diagrams have been constructed, one 
for 0 per cent. of silicon, one for 2 per cent. of silicon, and 
one for 4 per cent. of silicon, as shown in Figs. 7, 8, and 9. 


Fig. 7.—Constitutional Diagram for Cast Irons containing no Silicon. 
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(8) Positions of Phase Boundaries in Iron-Carbon-Silicon 
Diagrams.—The temperatures and compositions assigned to the 
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Fic. 8.—Constitutional Diagram for Cast Irons containing 2 per cent. of Silicon. 


phase boundaries in the 0, 2, and 4 per cent. silicon constitutional 
diagrams shown in Figs. 7, 8, and 9 have been taken from various 
sources, which are indicated, as far as possible, in what follows. 
It is realised that in many cases the positions assigned are only 
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approximately correct, and experiments are being carried out 
with the object of ascertaining them more accurately. 
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(4) Normal and Supercooled Austenite-Graphite and Austenite- 
Cementite Hutectic Temperatures.—The temperatures assigned to 
the fine graphite and coarse graphite eutectics, respectively, in 
Figs. 7, 8, and 9, have been arrived at from a consideration of 
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the results of Wiist and Petersen” and Hague and Turner, 
plotted in Fig. 10. It will be seen that the eutectic temperatures 
found by Wiist and Petersen are some 20° higher than those 
found by Hague and Turner. Wiist and Petersen had excess 
carbon present in their melts, and it is suggested that this 
excess carbon provided the nuclei which prevented supercooling 
and caused the melts to solidify according to the coarse graphite 
eutectic. This is also evident from their micrographs. 
Micrographs published by Hague and Turner show, on the 
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Fic. 10.—Effect of Silicon on the Austenite-Graphite Eutectic Temperature. 


other hand, supercooled graphite eutectic structures in all cases. 
It consequently seems probable that the lower eutectic tempera- 
tures found by them are representative of the supercooled eutectic. 
(The results of other investigators—namely, Gontermann,?” 
Hanson,?”) and Honda and Murakami“—are in most cases 
intermediate.) The temperatures assigned to the coarse eutectics 
in Figs. 7, 8, and 9 have consequently been taken from the data 
of Wiist and Petersen, while the temperatures for the fine graphite 
eutectics have been taken from the data of Hague and Turner. 
Normal and supercooled eutectic lines for white irons have 
also been drawn in Figs. 7, 8,and 9. ‘This appears to be probable 
from a consideration of the microstructures shown in Figs. 24 
and 25 (Plate LY.). ‘The irons shown in these figures contained 
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carbon 8-9 and silicon 0-6 per cent., and were practically identical 
in chemical composition ; they were crucible-melted and sand- 
cast in the form of 1-in. x 4-in. bars under practically identical 
conditions. Fig. 24 was a Swedish pig iron plus 10 per cent. 
ferro-silicon mixture, and Fig. 25 was a refined pig iron plus are 
carbon mixture. It will be seen, however, that in Fig. 25 the 
austenite part of the eutectic has coagulated and joined up 
with the primary austenite dendrites, while in Fig. 24 this has 
not occurred. It is suggested, therefore, that Vig. 24 represents 
the supercooled eutectic, and that the microstructure in Fig. 25 
indicates that after the austenite dendrites had solidified there 
were graphite or other nuclei present in the still molten eutectic 
which caused the precipitation of small amounts of austenite- 
sraphite eutectic, which in turn caused the precipitation of the 
white iron eutectic at its highest possible temperature, with 
consequent maximum coalescence. 

The y + cementite normal eutectic has been placed at 1110° C. 
in Fig. 7, and at 1105° C. and 1100° C. in Figs. 8 and 9, and the 
supercooled eutectic has been placed 10°, 15°, and 20° lower in 
each diagram. The temperatures of these eutectics are, how- 
ever, not known with any degree of certainty, and experiments 
are being carried out to determine the actual temperatures. The 
letters representing the supercooled systems in Figs. 7, 8, and 9 
have been enclosed in brackets. 

(5) Carbon Contents of Normal and Supercooled Hutectics —The 
point OC’ for the coarse graphite eutectic has been placed at 
4-3 per cent. of carbon for 0 per cent. of silicon, 3-75 per cent. of 
carbon for 2 per cent. of silicon, and 3-25 per cent. of carbon for 
4 per cent. of silicon, in accordance with the data of Wiist and 
Petersen,“” plotted in Fig. 11. The effect of silicon on the 
carbon content of the fine graphite eutectic is apparently approxi- 
mately the same, since the microstructures of alloys containing 
3-5 per cent. of silicon and about 3-8 per cent. of carbon showed 
areas of supercooled graphite of approximately eutectic structure. 
The effect of silicon on the carbon content of the white iron 
(austenite-cementite eutectic) also appears to be approximately 
the same, judging by planimetric measurements on microstruc- 


‘tures of white irons containing about 8 per cent. of silicon. 


The normal and supercooled graphite-austenite and cementite- 
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austenite eutectic compositions have consequently been placed 
at the same carbon contents in each of the diagrams. 

(6) Liquidus Lines.—Liquidus lines have been drawn in, 
joining the four eutectic pomts with the point B on the low-carbon 
side of the eutectics, and the freezing points of graphite and 
cementite, respectively, on the high-carbon side of the eutectics. 

(7) Solid Solubility of Graphite and Cementite in y-Iron.—The 
lines (S’)(E’), representing the solid solubility of graphite in y- 
iron in the 0, 2, and 4 per cent. silicon diagrams have been taken 
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Fig. 11.—Effect of Silicon on the Carbon Content of the 
Austenite-Graphite Eutectic. 


from the work of Morschel.* The positions of the points H’ in 
Figs. 7, 8, and 9, obtained by the intersection of these graphite 
solid solubility lines and the coarse graphite eutectic temperature 
lines, have been checked by chemical analysis in the following 
manner. It has been found + that if manganese is only present 
in traces in cast iron the secondary cementite is stabilised by 
traces of sulphur and does not decompose into graphite. Coarse 
graphite irons of this type containing 2 per cent. and 4 per cent. 
of silicon, respectively, have been found to have combined carbon 
contents approximating to the values shown for the points H’ 
in the diagrams in Figs. 8 and 9. The position of the points 
* See Schiiz (4) (loc. cit., p. 387). 


+ Paper read before the Institute of British Foundrymen, June 1929; Foundry 
Trade Journal, 1929, vol. xli. Aug. 1, pp. 79-83. 
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(E’) has been checked in a similar manner with fine graphite 
alloys. The line SH for the solid solubility of the cementite in 
y-iron has been taken from the diagram published by the Verein 
deutscher Hisenhiittenleute,* and has been moved to the left 
slightly (that is, to lower solid solubilities) for increasing silicon 
contents. The position of the point H for high silicon contents 
is not, however, known with any certainty. 

(8) Hutectoid Carbon Content and Hutectoid Temperature— 
The point S has been placed at 0-9 per cent. of carbon for 0 per 
cent. of silicon, and its carbon content with 2 per cent. and 4 per 
cent. of silicon has been estimated in the followmg manner. 
Grey irons containing coarse graphite in a uniformly pearlitic 
matrix have been obtained with silicon contents as high as 4 per 
cent. and over. With 4 per cent. of silicon the combined carbon 
content of such irons has been found to be 0-7 per cent. (see. 
Fig. 1), which figure has consequently been taken to represent 
the carbon content at the pomt S in Fig. 9. -The lines PSK 
have been placed at 720° C. for 0 per cent. of silicon, 750° C. for 
2 per cent. of silicon, and 780° C. for 4 per cent. of silicon. This 
raising of the eutectoid temperature has been taken from the 
results of Wiist and Petersen,” Hague and Turner, Gonter- 
mann,“ and Hanson,“ plotted in Fig. 12. Incidentally, with 
low carbon contents—that is, below 0-9 per cent.—considerably 
lower temperatures for this line have been found by Hanson °” 
and others, as shown by the results plotted in Fig. 12, where low 
carbon contents have been written in against the dots, &c. It is 
suggested that this is due to supercooling consequent on the 
absence of carbide nuclei. 

(9) d-y and y-« Allotropic Changes.—The lines AB and BH 
have been taken from the work of Ruer and Klesper “® for 0 per 
cent. silicon alloys; for 2 per cent. silicon alloys (Fig. 8) they 
have been taken from the work of Hanson, while for 4 per cent. 
silicon alloys (Fig. 9) extrapolated values have been estimated 
from these two investigations. The point N,at which the -y 
change takes place, has been placed for 0 per cent. of silicon 
according to the work of Ruer and Klesper,?® of Wever and 
Giani,“” and of Sanfourche,7*®) whose results are plotted in 
Fig. 183. With higher silicon contents the Sy change does not occur, 

* See Sehiiz (4) (Joc. cit., p. 383). 
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according to the results of Wever and Giani, which confirmed the 
prediction of Oberhoffer.“ These investigators found that the 
d-y change was absent in alloys containing over 1-5 per cent. 
of silicon ; they worked, however, with alloys made from exceed- 
ingly pure electrolytic iron. Sanfourche,@® on the other hand, 
working with alloys made from Swedish wrought iron containing 
a few thousandths per cent. of carbon, found the Sy change was 
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Fic. 12.—Kffect of Silicon on the Temperature of the Pearlite Precipitation. 


lowered from about 1380° C. with 0 per cent. of silicon to 1300° C. 
with 2 per cent. of silicon, as shown in Fig. 18. The difference 
between these two sets of results may be explained by assuming 
that carbon affects the temperatures at which the change takes 
place in the manner shown in Figs. 7, 8, and 9. In Fig. 8, for 
2 per cent. silicon alloys, the point N has been placed at about 
0-1 per cent. of carbon and 1300° C., and the « solid solution, 
which contains about 0-03 per cent. of carbon at 720° C., according 
to the recent work of Whiteley,@® has been continued inwards 
—that is, for lower carbon contents—to meet the 6 solid solution 
at high temperatures without any intermediate y formation. 


458 


TEMPERATURE °C. 


1400 


1300 


1200 


1100 


1000 


NORBURY : 


CONSTITUTIONAL DIAGRAMS FOR 


— 


S-1RON 


- 


and 
GIAN!) 


Y—~&§& |cHANGE ON HEATING. ye 


3b —-- Y |CHANGE ON COOLING 


YS CHANGE 


ves 


ON HEATING. (SANFOURCHE). 


$ +Y cHANGE 
ON COOLING. (SANFOURCHE) 


of > Y CHANGE ON HEATING 
(SANFourRCHE ) 


2 3 
SILICON % 


Fig. 13.—Effect of Silicon on the 8, y, and « Allotropic Transformations. 


5 ee 


TEMPERATURE 


CAST IRONS AND QUENCHED STRELS. 459 


A similar line has been drawn in the 4 per cent. silicon diagram 
with the saturation carbon content of the « and 8 solid solutions 
increased. A comparison of the work of Ruer and Klesper @® 
with 0 per cent. of silicon, and Hanson“) with 2 per cent. of 
silicon, also suggests. that the solubility of carbon in $-iron 
increases as the silicon is increased from 0 to 4 per cent., since 
Hanson found a greater solubility of carbon in 8-iron than Ruer 
and Klesper did. ‘That silicon increases the solubility of carbon in 
a-iron is also indicated by evidence given in section 12—namely, 
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Fic. 14.—Effect of Silicon on the Temperature of the B-« Magnetic Change. 


that 4 per cent. silicon grey cast irons can hold about 0-1 per 
cent. of carbon in solid solution. 

Tamura has suggested that the solid solubility curve of 
carbon in 4-iron can be regarded as a continuation at high 
temperatures of the curve showing the solid solubility of carbon 
in «-iron. 

(10) Magnetic Change.—In Fig. 7 the magnetic change M 
occurs at about 768° C. for 0 per cent. of silicon, and is lowered 
to 720° C. by meeting the line G(S’)S, since it cannot occur until 
the y-« change has taken place. The change appears to be 
lowered by about 10° for each 1 per cent. of silicon, according to 
the results of Baker,??) Gumlich,®?® Wever and Giani,?? and 
Honda and Murakami,“ plotted in Fig. 14. 
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(11) The Solidification Process of Medium and High-Silicon 
Grey Irons containing Normal (Coarse) Graphite, and the Effect 
of Graphite on the Combined Carbon Content.—The experimental 
results summarised in the introduction (Section 1) may be 
explained by means of the constitutional diagrams in Figs. 7, 
8, and 9, if the following assumptions are made. First of all, 
take the case of a molten cast iron containing a large number 
of minute graphite nuclei, sand-cast in the form of a 1-2-in. 
diam. bar and containing, say, 2 per cent. of silicon and 8 per 
cent. of total carbon. Such an alloy would commence to solidify 
along the line BC’ in Fig. 8; it would deposit > solid solution 
(finally of the composition H’) along the line JH’, and would then 
deposit coarse graphite eutectic of the composition C’. The 
assumption is then made that if the graphite has been very 
finely divided the solid solution EH’ would have deposited graphite 
according to the line (’)(S’)—that is, the equilibrium line show- 
ing the solubility of graphite in y-iron. In the case considered, 
however, the graphite is coarse, and it is consequently assumed 
that.the graphite nuclei are insufficiently uniformly distributed 
to enable equilibrium to be set up. In other words, a condition 
equivalent to solid supersolubility is obtained, since if the graphite 
flakes are coarse the solid solution adjacent to them holds carbon 
in solid solution to the amount indicated by the line (H’)(S’), 
while away from the graphite flakes it holds carbon in solid 
solution according to the line HS. Consequently, the combined 
carbon contents of such irons approximate to those obtaimed 
by solidification along the lme HS. This has been indicated by 
dropping perpendicular dotted lines from EH’ showing the solu- 
bility of coarse graphite in y-iron. This accounts for the fact 
that it is possible to get an almost completely pearlitic matrix 
with coarse graphite flakes, while ferritic-pearlitic matrices are 
obtained with fine graphite flakes. 

On this view, the amount (as well as the distribution) of the 
graphite present should determine the graphitisation, or other- 
wise, of the combined carbon. This is borne out by the higher 
combined carbon contents of the low total carbon grey irons, 
especially the high-silicon irons, plotted in Fig. 1. It explains 
the stability of the carbide in steels where graphite is absent. 


It also explains the ferrite, then pearlite, then ferrite-graphite, 
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decarbonised edge found in certain types of malleable iron, as 
shown in Fig. 26 (Plate LV.). Such considerations could also 
affect determinations of the solid solubility of graphite, as, for 
instance, the positions of the lines (E’)(S’) in Figs. 7, 8, and 9, 
and would explain Hanson’s“ finding of an increase in carbide 
stability with a decrease in the total carbon content. 

When the line SE is crossed on cooling, secondary cementite is 
deposited, which will decompose into graphite under ordinary con- 
ditions, but if manganese is only present in traces this secondary 
cementite 1s stable and is precipitated along the line SE and 
finally at the eutectoid S. In some cases it seems probable (in 
view of the pearlite-like form of the secondary cementite with its 
associated ferrite), as shown in Fig. 27, that this secondary 
cementite is not deposited along the line SE. In such eases it ig 
suggested that the y solid solution becomes supersaturated with 
respect to cementite, and only deposits it when the continuation 
of the line G(S’)S is crossed and the y-iron changes into «-iron, 
causing the cementite to be thrown out of solid solution in the 
form shown in Fig. 27, which may be termed supersaturated 
pearlite. 

The above form of secondary cementite—instead of the 
massive crystal boundary form—is the one most usually found 
in grey cast irons. Its presence in steels has been noted and 
commented on by Portevin.©? When this secondary cementite 
graphitises, as it has done in the iron shown in Fig. 17, it deposits 
graphite on the eutectic graphite flakes, making them coarser 
and more continuous, and altering their typically eutectic forma- 
tion. Figs. 28 and 29 (Plates LV. and LVI.) show irons prac- 
tically identical in chemical composition with the iron shown 
in Fig. 17, with the exception that the iron in Fig. 28 contains 
0-72 per cent. of combined carbon, and that in Fig. 29 1-18 per 
cent. of combined carbon. ‘The differences in combined carbon 
are due to increasing amounts of secondary cementite. Con- 
versely the iron in Fig. 29 contains little or no secondary graphite, 
while the irons in Figs. 28 and 17 contain increasing amounts of 
secondary graphite. A comparison of the three micrographs 
shows the effect of this secondary graphite in coarsening and 
linking up the eutectic graphite. Another reason why the coarse 
austenite-graphite eutectic is not often seen in a typically eutectic 
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formation is that the graphite nuclei necessarily present cause 
coagulation in a similar manner to that shown in the case of 
white irons in Figs. 24 and 25. 

The solidification process of a 4 per cent. silicon iron is 
explicable in a similar manner by reference to Fig. 9. If the 
total carbon is above about 2:8 per cent. the matrix will be 
ferritic, according to Fig. 1, while if below this figure it will be 
pearlitic. This may be explained by the effect of the mcreased 
graphite content on the combined carbon (as indicated above), 
and also by the higher carbon irons containing more eutectic, 
whose heat evolution on solidification delays cooling, and con- 
sequently has an action similar to annealing with a resulting 
decomposition of combined carbon. 

(12) The Solidification Processes of Medium and High Silicon 
Grey Irons containing Supercooled (Fine) Graphite—Take the 
case now of an alloy containing 3 per cent. of carbon and 2 per 
cent. of silicon, sand-cast in the form of a 1-2-in. diam. bar, 
in which graphite nuclei in the melt are absent, having been 
destroyed, for example, by superheating. Such an alloy would 
commence to solidify along the line B(C’), and would finally 
deposit y solid solution of the composition (H’) and fine graphite 
eutectic of the composition (C’). If such an alloy contained only 
traces of manganese the secondary cementite would (as above) 
not decompose into graphite during cooling to room temperature. 
Consequently, instead of depositing graphite along the line 
(H’)(S’) such an alloy would deposit secondary cementite along 
the line ES and pearlite at the eutectoid temperature, or would 
deposit secondary cementite similar in form to that shown in 
Fig. 27, when the continuation of the line G(S’)S was crossed. 

The microstructure of such an alloy (shown in Fig. 30) consists 
of supercooled graphite-austenite eutectic in between primary 
dendrites containing dark patches of secondary cementite of the 
form shown in Fig. 27. The combined carbon content of the 
alloy shown in Fig. 80 was 1-29 per cent., which agrees fairly 
well with the composition arrived at in the 2 per cent. silicon dia- 


gram from the intersection of the lines S’”H” and OC’ EH’. The 


other elements present in the alloy were total carbon 8-02, silicon 
1-83, manganese 0-08, sulphur 0-03, and phosphorus 0-03 per 
cent. Fig. 16 shows the microstructure of an iron practically 


be 
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identical in composition with the exception that its combined 
carbon content was 0-62 per cent., due to the presence of 0-67 per 
cent. of manganese, which indirectly had caused the secondary 
cementite to graphitise during solidification. In the iron shown 
in Fig. 16, after the saturated y solid solution had been deposited 
at (H”), graphitisation occurred along the line (H’)(S’), and the 
solid solution deposited graphite on the nearest graphite nuclei— 
that is, on the fine graphite eutectic flakes bounding the dendrites, 
which, it will be seen (in Fig. 16), had become coarsened in the 
process. When the point (S’), which has a carbon content of 
0-35 per cent. in the 2 per cent. silicon diagram, was reached, 
no further graphitisation occurred, owing to the relatively low 
silicon content, the low temperature and the moderately rapid 
cooling, and the alloy behaved like a 0-35 per cent. carbon 
steel and crystallised along the line (S8’)S, with the deposi- 
tion of «-iron and final deposition of pearlite at the eutectoid 
S. It will be seen from the micrograph that the combined 
carbon content 0-85 per cent. is approximately what one would 
anticipate from the relative amounts of ferrite and pearlite 
in the dendrites. (The 0-62 per cent. of combined carbon 
found by analysis is higher, on account of the presence of coarse ~ 
graphite associated with pearlite in other areas in the same 
specimen.) Examination under a higher magnification showed 
the presence of a certain amount of pearlite in the fine graphite 
eutectic part of the alloy. 

Fig. 18 shows a supercooled graphite structure in an alloy of 
higher silicon content, containing total carbon 2-81, combined 
carbon 0-14, silicon 4-58, manganese 0-98, sulphur 0-03, and 
phosphorus 0-08 per cent. The alloy crystallised according 
to the supercooled fine graphite eutectic, consequently accord- 
ing to the 4 per cent. silicon diagram (Fig. 9) it would finally 
deposit solid solution of the composition H’”’, which would deposit 
secondary graphite along the line (E’)(S’) until the point (8’) 
—which has a carbon content of about 0-17 per cent. for 4 per 
cent. of silicon (according to Fig. 9), and consequently somewhat 
less for 4-5 per cent. of silicon—was reached. The alloy would 
then change from y solid solution into « solid solution, which, it 
is believed, can hold about 0-1 per cent. of carbon in solid 
solution at this temperature. A micrograph of the same alloy 
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(as that shown in Fig. 18), etched, is shown in Fig. 31. The 
black pearlite network, by rough calculation, accounts for a 
combined carbon content of 0-04 per cent., consequently the 
remainder of the combined carbon—namely, 0:14 — 0-04 per 
cent. = 0-10 per cent.—is probably « solid solution. The black 
pearlite network, shown at 200 diameters in Fig. 32, has probably 
remained undecomposed on account of its association with the 
0-03 per cent. of phosphorus present. It has also frequently 
been observed that crystallisation of the eutectic from centres 
sometimes commences according to the supercooled system and 
finishes according to the normal system, the result being central 
areas consisting of fine graphite and ferrite, contained in a net- 
work of coarse graphite and pearlite. 

Another interesting feature, shown in Fig. 32, 1s the presence 
of a number of small circular and elliptical markings inside the 
austenite dendrites. It was at first thought that these markings 
were due to the 3-y peritectic reaction not having proceeded to 
completion ; it 1s now, however, believed that they are caused 
by the commencement of tarnishing. 

(18) Constitutional Diagram for Quenched Steels.—Similar 
considerations of supercooling and supersaturation have been 
applied in the constitutional diagram shown in Fig. 15 to explain 
the effects of rapid cooling and quenching on the microstructures 
of steels.* In this figure the curve GS represents the tempera- 
tures and compositions at which the y~—« change would occur on 
very slow cooling or on heating. The curve has been produced 
from S to (AX) to indicate temperatures at which the y—« change 
would take place in supersaturated y solid solutions. (The 
symbol (Jv) has been used to identify this supercooled curve to 
avoid introducing an entirely new symbol.) Supersaturated 
pearlite is shown in Fig. 27, and its formation is discussed in 
Section 11. G’S’(K’) represents a similar curve for normal rates 
of cooling. It will be noted that in this case the point S’ is at 
0-84 per cent. of carbon and 710° C., in agreement with values 
found by Bardenheuer©®®» from cooling curve determinations. 
The pomt S, on the other hand, is at 0-89 per cent. of carbon, 
which figure has usually been obtained from very slowly cooled 
or annealed steels. 

* Since writing the present paper the author’s attention has been drawn to 


a paper by Hallimond,(5) in which the supersaturation theory of Miers is applied 
to the quenching of steels in a somewhat similar manner. 
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Similarly, the curve @’S’(K”) represents the depression of 
the y-« change by rapid cooling, such as oil-quenching. This 
supercooling, consequent on rapid cooling, refines the pearlite 
structure so that troostitic pearlite is obtained. This refining 
action due to supercooling may be likened to that assumed for 
the austenite-graphite eutectic. Alloys to the left of the pomt S 
contain ferrite plus troostitic pearlite, while alloys to the right 
will contain troostitic pearlite plus cementite. Supersaturation 
is also indicated, as above. The temperature 620° C. for the 
line 8’K” is taken from the work.of Portevin and Garvin,@® 
who found that rapidly cooled steels which exhibited a change 
point above this temperature contained troostitic pearlite, 
while steels in which the change point was suppressed below 
this temperature had martensitic structures. 

The curve G’”’S’’(Kk’'”) represents the lowering of the y—« 
change due to very rapid cooling, such as water-quenching. The 
point G’’’ has been placed at 685° C. in view of the work of 
Hanemann and Schrader,©? who found that however rapidly 
they cooled pure iron they could not depress the y—-« change below 
685° C. The same authors found that for hyper-eutectic carbon 
steels the change was suppressed to about 800° to 400° C. (average, 
350° ©.) if martensitic microstructures resulted. The carbon 
content of the y solid solution at 850° C. will presumably be 
considerably less than 0-89 per cent., since the known part of 
the curve HS shows that the solubility decreases systematically 
with a decrease in temperature. The curve HS has consequently 
been extrapolated as shown in Fig. 15, and at 350° C. the solid 
solubility has been given a value of 0-6 per cent. of carbon. This 
value has been deduced from a consideration of the microstruc- 
tures obtained by Hanemann and Schrader on water-quenched 
steels of various carbon contents between 0 and 1-6 per cent., 
which have been interpreted as showing the presence of ferrite 
and martensite in water-quenched steels containing carbon below 
0-6 per cent., and of martensite plus cementite in steels containing 
more than that amount of carbon. 

It is assumed that in martensite the y—« change has taken 
place at such a low temperature that the carbon atoms have not 
been able to move and coalesce, and consequently remain atomi- 
cally dispersed. If it were possible to suppress the y-« change 
completely in low-carbon steels, unsaturated austenite would 
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result. In high-carbon steels it is possible to suppress the change 
more or less completely, and austenite plus needles of cementite 
or supersaturated austenite is then obtained. If chromium, man- 
ganese, or certain other elements are alloyed with steels they 
lower the temperature of the y-« change, consequently slower 
rates of cooling are sufficient to give structures similar to those 
obtained in carbon steels with quicker rates of cooling. Carbon, 
by lowering the y-« change, acts in a similar manner, and 
facilitates quenching. 

The above explanation differs from that given by Hanemann 
and Schrader, who postulated the existence of ¢- and y-irons ; they 
constructed an equilibrium diagram for temperatures below the 
normal eutectoid temperature, in which they indicated by means 
of phase lines the temperatures and compositions over which 
these ¢ and y phases are stable. 

(14) Summary.—Constitutional diagrams have been con- 
structed for iron-carbon alloys containing 0, 2, and 4 per cent. of 
silicon, respectively. In these diagrams both normal and super- 
cooled systems have been shown for the austenite-graphite 
eutectic and for the austenite-cementite eutectic. Grey irons 
have been assumed to crystallise according to the normal graphite- 
austenite system when graphite nuclei are present in the melt. 
Such irons conta.n coarse graphite flakes and tend to be pearlitic. 
Conversely, when graphite nuclei are absent, supercooling occurs, 
and the graphite is deposited in the form of exceedingly fine 
flakes which tend to be associated with ferrite. In the case of 
white irons, it has been assumed that nuclei cause the precipita- 
tion of small amounts of graphite eutectic, which in turn cause 
the precipitation of white iron eutectic at the maximum possible 
temperature and with consequent coalescence. In grey irons, 
the tendency for coarse graphite to be associated with pearlite, 
and fine graphite with ferrite, has been explained by assuming 
that the y solid solution adjacent to the graphite flakes holds 
carbon in solid solution according to the (lower) solid solubility 
of graphite, while that away from the graphite flakes holds 
carbon in solid solution according to the (higher) solid solubility 
of cementite. Consequently, the coarser and the fewer the 
graphite flakes the higher the percentage of carbon in solid solu- 
tion. The temperatures and compositions in the 0, 2, and 4 per 
cent. silicon constitutional diagrams have been estimated in most 
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cages from existing data. The lowering of the change points in 
steels due to quenching has also been represented in a constitu- 
tional diagram as a form of supercooling. 


The micrographs were taken by Mr. L. W. Bolton, and the 
analyses were carried out by Mr. 0. Rowley. The author 
thanks the Council of the British Cast Iron Research Association 
for permission to publish this paper. 
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CORRESPONDENCE. 


Mr. KE. Apamson (Sheffield) wrote: The author has taken a great 
deal of time and trouble to collect the information which makes 
up his investigation, and he is to be congratulated thereon. The 
paper is, of course, of greater academic than practical interest. The 
influence of silicon on solidification, and also the influence of “ quench- 
ing,’ or what the author calls supercooling, on fracture is common 
knowledge amongst workmen. In the first place, the term “ super- 
cooling ” is somewhat misleading ; it is more generally known on the 
pig beds as quenching or chilling. With the prefix “ super” it might 
be misunderstood to be specially slow cooling, which is not what the 
author means. 

The author's test-bars are, of course, correctly speaking, “ syn- 
thetic”? pig iron, some of the samples being actually true “ semi- 
steel’? ; they can therefore only be compared with samples made 
from similar material, and are not strictly comparable with commercial 
pig irons of similar analysis. Swedish white iron is usually charcoal 
cold-blast iron, and the fact that it, a blast-furnace product, is white 
shows that the temperature of production was very low. On the 
other hand, Armco iron is essentially a mild steel made at a high 
temperature, and when the white iron and steel, together with the 
ferro-silicon, were melted together, all the carbon would be in solution 
as carbon produced at a low temperature. He (Mr. Adamson) had 
repeatedly shown that when ferro-silicon is added to white iron the 
structure of the resulting sample is not so open as would be expected 
from the silicon and sulphur contents, for additions of silicon in this 
way do not tend materially to open the grain and produce ‘* coarse ” 
graphite, such as is found in No. 1 and No. 3 pig irons. This is not 
theory, but statement of fact. 

In Figs. 20 and 21, the author shows what he calls a close-grained 
dull sooty fracture typical of “ quenched” (supercooled) iron, and 
also what is termed a coarse-grained fracture containing shiny graphite 
flakes, which he states are normal coarse-grained graphite ; but from 
the size of the bars shown by the author the results obtained are just 
what would be expected under the circumstances. Fig. 20 shows the 
natural ‘“ quenched” fracture for grey iron, and Fig. 21 is a natural 
slowly-cooled iron with additions of silicon, but if the sample shown 
in Fig. 21 had been produced from a grey foundry iron of the same 
silicon and sulphur contents the fracture would have been considerably 
more open, so that what the author calls a coarse-grained fracture is 
in fact a close fracture when judged against ordinary commercial 
foundry irons. 

The author mentions on p. 444 that some of his samples contained 
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0-30 per cent. of phosphorus, but he does not say how it was added. 
If this phosphorus were added in the form of pure phosphorus it would 
have a slightly different influence from that which it would have if 
added in the form of pig. In Fig. 23 the sulphur is given as 0-28 per 
cent., but this is presumably a slip for 0-028 per cent. 

On p.443 the author states that the explanation advanced by certain 
investigators is that the refining of graphite is due to the graphite 
nuclei in the melt, but the author can be assured that this statement 
does not apply to his experiments. Graphite could not exist in his 
Swedish white iron, otherwise it would not be white. The carbon in 
the Swedish white iron, therefore, exists in solid solution, and on pre- 
cipitation, whether through excessively slow cooling per se, or through 
additions of silicon, the carbon when freed would be fine graphite. It 
is very satisfactory to know that the author believes that graphitisa- 
tion is due to expansion on cooling, the expansion with the additions 
of silicon being of course due to the silicon. 

With regard to Figs. 3 and 4, the peculiar internal mottled appear- 
ance of the test-bar is well known to those who have had to do with 
the refining of pig iron; Poole showed a number of examples of the 
mottled fracture in the test-bar with the outside edge grey, similar to 
that shown in Fig. 3 by the author. As the author accepts the theory 
of graphitisation due to “‘ expansion,” he will also see that this explains 
the phenomenon, to which he draws attention, of internal pressure on 
cooling which has been intensified by “ quenching” (supercooling). 
Fig. 4 shows a natural division between white and mottled in a test- 
bar of the size shown when the analysis brings the sample within the 
range of the chilling irons, but in the latter there is not such a distinctly 
marked line of division between the white and the grey ; there is usually 
a “ mottle-off.”’ 1 

The combined carbon contents of the silicon series A and B shown 
in Fig. 1 are very interesting, and show that, even with that care which 
would be exercised by the author in melting the irons used, it is im- 
possible to obtain a given ratio of combined carbon to silicon with 
the same percentage of graphite, or the same ratio of graphite to com- 
bined carbon with the same percentage of silicon. That the same 
combined carbon with a given silicon content is obtained with varying 
percentages of graphite or total carbon proves that silicon, as suggested 
previously by Pearce,? in no way controls the total carbon or the ratio 
of the total to combined carbon even in synthetic pig iron, and there- 
fore it is not possible to run the foundry simply on silicon contents. 
The more the author investigates cast iron the more he will realise 
that, even with constant analyses and as far as possible the same 
heating and cooling conditions, exactly the same results cannot be 
repeatedly obtained. He will not find any white or mottled fractures 

1 KE. Adamson, Journal of the Iron and Steel Institute, 1906, No. I. p. 75 (see 
Table B, p. 92). 

* Journal of the Iron and Steel Institute, 1928, No. IL. p. 73. 
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of commercial foundry irons and castings corresponding to the analyses 
given for series A; if carefully examined, some of the grey fractures 
in series B will be found to be slightly mottled, otherwise the combined 
carbon figures cannot be correct. 


The Aurnor, in reply, wrote that he thought the substitution 
of the word ‘‘ quenching”’ for “ supercooling” would be most unde- 
sirable. From melts of ferro-silicon, white iron, and Armco iron, he 
could produce open or coarse fractures at will, according to the order 
in which the constituents of the charge were melted. He did not agree 
that the coarse-grained fractures in his test-bars could be considered 
as close fractures when judged against ordinary commercial foundry 
irons of similar cross-section. The phosphorus was added in the form 
of 20 per cent. ferro-phosphorus. The sulphur content of 0-28 per cent. 
in Fig. 23 was the correct figure, and in conjunction with the relatively 
low manganese of 0:47 per cent. accounted for the high combined 
carbon content.t While the carbon in Swedish white iron was ordinarily 
in the combined form, it deposited graphite nuclei in the melt when 
ferro-silicon was added to it. 

Figs. 3 and 4 represented the extreme types of mottled fractures 
that could be obtained, and were sketched from actual test-bars. Mr. 
Pearce was well aware of the results shown in Fig. 1 at the time he wrote 
the paper referred to. He had examined a large number of commercial 
castings and pig irons, and, allowing for differences in structure due to 
differences in the rate of cooling, &c., he had found their fractures, 
microstructures, and properties to be intermediate between those given 
for Series A and Series B. Some of the bars in Series B contained 
secondary cementite ; they were not mottled in the ordinary sense. 


This paper will be submitted for further discussion at an Additional 
Meeting at Birmingham on September 26, 1929 (see Journal of the Iron 
and Steel Institute, 1929, No. I1.). 


1 The point is dealt with in a paper presented by the author to the Institute of 
British Foundrymen in June 1929 (see Foundry Trade Journal, 1929, vol. xli. 


Aug. 1, pp. 79-83). 
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BRITTLENESS IN MILD STEEL.’ 
By G. R. BOLSOVER, F.Inst.P. (SHEFFIELD). 


THE occurrence of cases of brittleness in articles produced from 
dead soft steel of satisfactory quality necessitated the investiga- 
tion of the circumstances under which it would be produced. 
This condition was always found in articles which had been 
formed and subsequently critically heated, such as would be the 
case in the production of pressings subsequently heated for 
galvanising or other purposes. Under such conditions, whilst 
the material as a whole remains perfectly ductile, any attempt 
to straighten out the bent strip results in cracking along the 
groove with comparatively light pressure. The fracture occurs 
irrespective of the rate at which the load is applied, and, when 
conditions are such as to produce brittleness, the fracture of the 
steel is coarsely granular as compared with the normal fibrous 
break obtained on fracturing other portions of the same steel by 
repeated bending, which portions fail to exhibit brittleness, owing 
to their not having been deformed prior to heating and testing. 

The results of the investigation about to be set forth have 
subsequently been found to confirm work done on the Continent,? 
but in view of the fact that some of the features disclosed are 
novel, and that the continental work referred to has received 
little or no attention in Great Britain, the major portion of the 
results obtained will be given in detail. 

It was found that, given the right conditions of forming and 
subsequent heating, brittleness of the type mentioned could be 
produced in all qualities of soft steel, and it appeared that this 
was due to the imposition of tensile stresses on a portion previously 
subjected to compression, or that the effect was a fundamental 
property of cold-worked material. It was thought that if the 
latter should be the case the most ready means of determining the 

1 Received January 16, 1929. 


2 BH. Maurer and R. Mailinder, Stahl wnd Eisen, 1925, vol. xlv. p. 409. 
P. Dejean, Revue de Métallurgie, Mémovres, 1927, vol. xxiv. p. 415. 
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influence of the various factors would be to perform Izod impact 
tests on samples prepared from a bar of dead soft steel, and that 
has been adopted as the standard material for the greater part 
of the work. ‘The composition of the steel was as follows : 


o/ 
/0 


Carbon . : : ‘ b . 0-14 
Manganese 3 - : : O00 
Silicon. : 6 ; : . 0-037 
Sulphur . : c : : . 0-035 
Phosphorus. : : : . 0-016 


As a preliminary, and in order to prove that the effect was not 
limited to any one quality of soft material, tests were performed 
on samples of dead soft steel, free-cutting steel, and Armco iron 
in the following conditions : 

) Air-cooled from 950° C. 

2) 3 3, 950° C. and reheated to 300° C. 

) .. », 950° C., stretched 10 per cent. and reheated to 300° C. 
) 3 op PEO? Cs ‘and stretched 10 per cent. 

The results obtained are set out in Table I., and indicate that 
for the conditions of cold-work and reheating to which the samples 
were submitted, all three qualities show very distinctly the bad 
effect of combined cold-work and subsequent reheating on the 
brittleness of the steel. 

The effect of stretching alone is evident, although not very 
marked, in the material used for the general investigation. ‘The 
impact value of Armco iron has fallen on simple reheating, but 
in no ease is the loss of impact strength at all comparable with 
that obtamed by combined deformation and reheating. 

In view of these results it was decided to concentrate on the 
dead soft steel for the further work, and samples of this were 
treated as follows: one batch was stretched 2 per cent. of its 
length ; while another batch was stretched 10 per cent. of its length, 
and was subsequently reheated to various temperatures prior to 
testing at room temperature, to determine the effect of two different 
amounts of extension and the various temperatures of reheating. 
The results are given in Table II. A reheating temperature of 
350° C. was not exceeded, as preliminary tests had shown that 
the maximum effect was obtained with a temperature of re- 
heating between 250° C. and 800° C. 

The results indicate that 2 per cent. extension has very little 
effect on the brittleness of the steel, and confirm that 250° to 
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Tase I.—Izod Impact Tests on Various Steels. 


475 


Izod Impact Values. F't.-lb. 
Material and Treatment. = 
1 2. 3. Average. 
Dead Soft Steel. 
(1) A.-C. 950° C. 3 ‘ 3 é 87 94 94 90-3 
(2) 3: » and reheated 300° C. . 90 93 87 90-0 
(3) ystretched 10 per cent. 
He » ( and reheated 300° C. 15 5 13 11-0 
(4) jand stretched 10 per 
2 2a cont: 72 183 723 72-3 
Free-Cutting Steel. 
(1) A.-C. 950° C. : ; < : 90 89 92 90-3 
(CA ae », and reheated 300° C. . 88 91 91 90-0 
(3) pstretched 10 per cent. 
2? ” \ and reheated 300° C. 6 6 7 6:3 
(4) eee stretched 10 per 
2 4 cent. 23 51 22 32-0 
' Armco Iron. 
(1) A.-C. 950° C. : : : , 91 94 100 95-0 
(2))aes », and reheated 300° C. . 40 82 36 52-7 
(3) jecerces 10 per cent. 
Ze 2 and reheated 300° C. id 10 14 10:3 
(4) feu? stretched 10 per 
| “4 e cent. 20 26 20 22-0 
A.-C. = air-cooled. 
Taste I].—IJzod Impact Tests on Dead Soft Steel. 
Reheating Izod Impact Values. Ft.-lb. 
Temperature tes LOS 2 = 
after Stretching. 
FOS il 2. 3. Average. 
Stretched 2 per cent. before Treatment. 
Nil 92 92 94 92-7 
100 97 102 93 97-3 
200 48 96 96 80-0 
250 94 104 94 97-3 
300 93 106 97 98-7 
350 96 96 93 95-0 
Stretched 10 per cent. before Treatment. 
Nil 70 71 74 71°7 
100 28 28 73 43-0 
200 30 24 74 42-7 
250 11 12 9 10-7 
300 8 30 15 iyfclgl 
Artest as Pi Pinan en Ent 
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300° C. is the most satisfactory temperature for the production 
of the condition aimed at. 

A further series of tests was performed with various degrees 
of extension, all samples being subsequently reheated for $ hr. to 
250° C.; the results are given in Table III. : 


TaBLe III.—Izod Impact Tests on Dead Soft Steel. 


Dogme of Izod Impact Values. Ft.-lb. 

Stretching. 
%o- 1 2. 3. 4 Average. 
Nil 85-0 93-0 87-0 86-0 87-75 

5 67-0 72-5 87-5 23-0 62-5 

10 13-5 25-0 1T0 11-5 15-25 
15 6-0 9-0 9-0 8-0 8-0 
20 10-0 7-0 | 9-0 9-0 8-8 


It was now considered that the conditions for the production 
of brittleness were sufficiently well established, and they were 
standardised at 15 per cent. extension and subsequent reheating 
to 250° C. for $ hr. <A further series of tests was arranged to 
determine the influence of the testing temperature subsequent 
to such treatment. 


Errect oF TEMPERATURE OF TESTING. 


Samples of the same dead soft steel were tested at various 
temperatures in each of the following conditions : 
(1) Normalised from 950° C. 


(2) . », 950° C. and stretched 15 per cent. 

(3) Dp », 950° C., stretched 15 per cent. and reheated for 30 min. 
to 250° C. 

(4) 56 », 950° C. and tempered for 30 min. at 250° C, 


For testing purposes the samples were heated in a water-bath 
to the required temperature and held for 10 min. prior to placing 
in the Izod machine ; the grips of the latter were also heated to 
approximately the same temperature. While these precautions 
prevent, so far as possible, the loss of heat during the rapid trans- 
ference of the sample from the bath to the testing machine, and 
up to the time of fracture, it is obvious that, with the exception 
of the tests which were actually performed at atmospheric 
temperatures, the actual temperature of testing will be slightly 
different from that stated in each case. The results of these 
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tests are set out in Table IV., but the effect is more clearly shown 
on the curves plotted in Fig. 1. 


TasLe 1V.—Effect of Testing Temperature on Izod Values. 


Izod Impact Values. Ft.-lb. Condition of Test-Pieces— 

Testi A N lised f + nl + 
Fe apas. Normalised from cee from 950° ., stretched 159% 9 ie Oe al 
ae 950° O. stretched 15%. and reheated toe, | for 80 min, ab 260° 0. 
x 2. | Average 1 2 oes 1 | 2. | Average. aks 2, | Average. 

| 

0 90:0) 89:0, 89:5 | 28-0 91-0| 24-5 7:5) 7:5 7-5 |91-0/91-0| 91-0 
inl 82-5|87:0) 84-8 131-0 29 °5 | 30°3 5-0] 7-0 6:0 }91-5| 90-0; 90-8 
16 90:0| 89-0) 89-5 |74-0| 29-0) 52-5 4-5) 7-0 5-8 187-5] 84-0! 85-8 
eA! 86:0| 87-0) 86-5 | 74:0) 38-0) 56-0 8:0) 9:5 8:8 190:0/ 91-0; 90-5 
26 |84-:0/85:0, 84:5 | 75-0) 76-0) 75-5 eo 7-5 189-0/90-0| 89-5 
81 |86:0|87-0\ 86-5 |73-0| 73-0) 73-0 [12-0 25-0) 18-5 |88-0) 89-0) 88-5 
41 81:5|85-5 83-5 |76:0| 75-0, 75-5 |14-0 20:0} 17-0 187-0) 85:0; 86-0 
61 80:0) 80-5, 80-3 ]71-5| 71-0) 71-3 | 68-0 38-0) 53-0 }88-0) 82:0; 85-0 
81 87-01 84-0 85:5 |75:0|76-0| 75-5 |62-:0 66-0] 64-0 |79-0| 82:0, 80:5 
100 82-0 81-0) 81:5 |74-0|75:0| 74:5 |60-0 57-0| 58-5 | 79-0| 81-0; 80-0 

| 


It will be seen that the embrittling effect already dealt with 
ig again very much in evidence, but that with the rise of testing 
temperature this brittleness disappears until at 80° C. compara- 
tively normal values are obtained. In addition, the same effect 
is to be noted in the sample normalised and stretched without 
subsequent reheating, but in this case the descending portion of 
the curve is pushed over towards the zero temperature line. In 
fact, it will be obvious from a study of this particular curve that 
this steel, tested within the range of what may be considered 
normal room temperatures, could very readily give a value down 
to 30 ft.-lb. or as high as 70 ft.-lb. From the form of these curves 
it would appear probable that were the testing temperatures of 
the samples reduced sufficiently, even in the normalised condition, 
a drop in impact value similar to that displayed by the previous 
two curves would be obtained, and that the brittleness effect was 
not so much the production of a brittle state as the raising of the 
temperature at which such brittleness was apparent in dead soft 
steel. As a matter of interest, tensile tests were performed on 
material as normalised, normalised and stretched, and normalised, 
stretched, and tempered ; the values are given in Table V. 
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TaBLeE V.—Mechanical Properties of Treated Specimens. 


| 
Yield Point. eae Hlongation; o= | Reduction 
Treatment. Tons per mene per a ae wot Area, 
aq. im. sq. in, On2in. | On4dV/A. % 
Normalised and stretched 30-0 30°8 20-0 66-1 
Normalised, stretched, and 
tempered . & ‘ 32-9 34:6 17:5 22-1 | 65-3 


INFLUENCE OF INITIAL CONDITION OF THE STEEL. 


Normalised . 17-6 | 26-5 | 38-5 | 45-7 | 71-8 
27-9 

It was next decided to determine the influence of the initial 
- condition of the steel on this particular form of brittleness ; 
similar tests were performed on the same material after hardening 
by quenching in water from 950° C. and tempering to 650° C., and 
also after cooling slowly in borings. 

The effect of the initial condition, as represented by these two 
conditions and also by the normalised material, is indicated in 
Table VI., and in the curves reproduced in Fig. 2. 


Tasie VI.—Izod Impact Tests on Samples Tested after Stretching and Reheating, 
in Three Different Initial Conditions of Heat Treatment. 


Izod Impact Values. F't.-lb. Initial Conditions— 


Testing 
oopers i pete eee ee Normalised 950° C. Cooled slowly in Borings from 950° C. 
Cs = = —— = 
Bis PA, Ss. Average. al Pe, Average. 1. = 3. Average. 
| | 

0 76-0 31 ios. 0 Hb) 7:5 7:5 2-0) 1-5 BOG 1-8 
11 83-0 20 38 47-0 iy9(0) 1} 7A) 6-0 noc ano nae side 
16 S08 nae aie 865 Abo |) afk) 5:8 56 doc nOG ee 
21 85-0 ag obec 82-0 8-0 9-5 8-8 2:0 2-5 wae 2°3 
26 ate oot aoe atic 7-5 deo) Ws) ox eis on9 goc 
31 S08 BSS BA 12:0 | 25:0 | 18-5 oot doe ae ac 
41 79-0 717 78:0 | 14:0 | 20:0 | 17-0 2°5 4:5 dat 3°5 
61 81-5 ail 76-3 | 68-0 | 38:0 | 53-0 15-5 8-0 Gad 11-8 
At 71-0 ano 71:0 ee ton Bae 11-0 sas ane 11-0 
81 300 62:0 66-0 | 64-0 34-0 | 20-0 ipo 27-0 
Ce ae . Sistas Hee N26 OP ee eel ees 
91 72-0 72-0 | 45-5 | 15-0 600 30°3 
OE TSEON se | Ose. | WasOm | weer ie .. | 20-0 | 41-0 | 60-5 | 40-5 
100 17-0 Tees Om OOLOM ma nOn oS 20 69-0 | 54-0 Boe 61-5 
121 64-0 | | 64-0 Bele | Sate One 60-5 06 20 60-5 
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From these results it is evident that the more slowly cooled 
material, as illustrated by that cooled in borings, gives a curve 


[MP AiGi WAIVE S'= i= B. 


{ZOD 


O 20 40 60 80 100 120 
TEMPERATURE OF RESTING. °C. 
Fia. 2. 


which is displaced so that still higher temperatures of testing are 
required to obtain satisfactory impact values, whilst hardening 
and tempering produces a condition of the steel which results in 
the displacement of the curve in the opposite direction, resulting 
in the brittle condition being only produced—even when stretched 
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and reheated—at about 0° C. The variable values obtained 
between 0° and 20° C. in this condition, and similar effects on 
some of the other curves, are apparently due to those tests being 
performed at temperatures corresponding with the steeply sloping 
portion of the curves, when a very slight variation in the condition 
will give either a high or low value. 


Tum Errect or PuospHorus ON BiuEe-BRITTLENESS. 


In the original work on blue-brittleness referred to previously 
it was noticed that an increase in the phosphorus content 
appreciably increased the brittleness of the strip, and in view 
of this three steels of varying phosphorus contents were pre- 
pared and submitted to further tests; the analyses of the steels 
were as follows : 


No. 1 No. 2. No. 3 

% % % 

Carbon . 3 : 3 . 0-14 0-19 0-20 
Manganese ; : : . 0-37 0-45 0:35 
Silicon . ; : : . 0-041 0-065 0-093 
Sulphur . : : : . 0-064 0-070 0-100 
Phosphorus. : : . 0-020 0-055 0-107 


In order to ensure that the same condition of stretching 
should apply as in the case of the steels of low phosphorus content, 
a set of samples from the above three steels was tested at room 
temperature after stretching to 5, 10, 15, and 20 per cent., respec- 
tively, of their original length, and reheating to 250°C. Such 
tests indicated, as will be seen from Table VIL. that the previously 
accepted conditions of test would be satisfactory, and accordingly 
samples from each steel were tested at various temperatures 
under those conditions, the results being given in Table VIIL., 
and in Figs. 3, 4, and 5. 

It is evident that whilst test results in the normalised condi- 
tion indicate at higher temperatures a comparatively small fall in 
impact value with increasing phosphorus content, the differences 
increase at lower temperatures. Also, in the stretched condition, 
and particularly in the stretched and tempered condition, the 
low values persist to higher temperatures with an increase in the 
phosphorus content, and whereas with low phosphorus a tempera- 
ture of testing is reached at which the results after stretching and 

1929—i. 21 
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Izod Impact Values. Ft.-lb. 
Degree of = vi 
Stretching. | 
al 2. Average. 
9% Phosphorus Steel No. 1. 
5 78 78 78-0 
10 20 18 19-0 
15 idl 10 10:5 
20 10 11 10:5 
of Phosphorus Steel No. 2. 
5 17 14 15-5 
10 6 a 6-5 
15 12 8 10-0 
20 5 a 6-0 
% Phosphorus Steel No. 3. 
5 9 10 9-5 
10 8 5 6:5 
15 4 3 3-5 
20 3 5 4:0 


Taste VIII.—Izod Impact Tests on Phosphorus Steels 1, 2, and 3, 
Tested at Various Temperatures in Differing Conditions. 


Izod Impact Values. Ft.-lb. Conditions of Test-Pieces— 


Testing Normalised 950° C., 


Tempera- | Normalised 950° 0. stretched 15% and tempered Taree ap 
°0, 
1 2 3 1 2. 3 1 2 3 
0 84-0 | 86-5 | 47-0 6-0 3°5 2-5 | 16-5 6-0 4°5 
71-5 | 47-0 15-0 
8 86-0 | 88-0 | 41-0 5:0 4-5 3:0 | 21-5 4-0 3:0 
74:5 | 78-0 
20 81-0 | 51-0 | 57-5 | 14-5 5-0 3:0 | 34-0 6-0 3:0 
84-0 | 39-0 
40 77-0 | 76:5 | 58-5 | 24-0 | 11-0 | 11:5 | 58-0 | 22-0 | 11:0 
10-5 
60 75:0 | 77-0 | 69-5 | 33-0 | 16-0 7:0 | 60-5 | 41-0 | 14-5 
LO 
80 71-0) 73-0 1 68"0)) 759-0370) | L220 e585 5) Ones comy 
100 77-5 | 72-0 | 68-5 | 65-5 | 50:0 | 18-0 | 59:5 | 50-5 | 27-0 
120 74-0 | 71-0 | 65-0 | 62:5 | 49-0 | 23-0 | 55-5 | 50-0 | 34-5 i; 
140 73:0 | 74:5 | 68:0 | 57-5 | 51-5 | 20-0 | 57-5 | 50-0 | 34-5 . 


IMPACT VALUES~— FT.-LB. 


{ZOD 


IMPACT VALUES~-FT.-LB. 
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reheating equal those in the normalised condition, except for the 
slight loss due to induced hardness by cold-working, the values 


STRETCHED 15% 
REHEATED AT 250°C. 


IMPACT VALUES —F T.-EBs 


IZOD 


O 20 40 60 80 100 120 140 
® TEMPERATURE OF TESTING, °C. 


Hie. 5. 


obtained with high percentages of this element remain considerably 
reduced, even when tested at temperatures higher than 100° C. - 


THEORETICAL CONSIDERATIONS. 


A consideration of the theoretical aspects of the foregoing 
cannot be essayed without first attempting to explain the effects 
produced by cold-working such material. As is now well known, 
deformation in the cold results in an increase in the hardness 
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and a reduction in the ductility of the steel, these effects being 
increased by subsequent reheating to temperatures such as those 
dealt with above. Various attempts have been made to explain 
these increases in hardness along the lines of crystal structure 
and atomic arrangements. The author would suggest that a more 
satisfactory explanation of the brittleness in question can be 
derived from a consideration of the grosser effects of cold-working. 

The original increase in hardness by cold-working can be 
readily explained by the gradual using up of the planes of least 
resistance to slip, which would result in increased stresses being 
required to cause further deformation. Apart from the move- 
ment along the planes of crystals most readily responsive to such 
stresses, there will always be in stressed materials a movement of 
a grosser type along certain planes, notably the planes of shear 
stress. t 

It is a well-known fact that on reheating cold-worked material 
it is possible to obtain either recrystallisation or grain-growth, 
according to the amount of stress applied and the subsequent 
temperature of reheating, these effects being visible under the 
microscope at temperatures down to 400° C. In view of this, it 
is possible that sub-microscopic recrystallisation takes place at 
appreciably lower temperatures, and it is now suggested that a 
temperature of reheating of 250° to 800° C. is sufficient to induce 
recrystallisation along the planes of maximum movement in 
deformed material. Such recrystallisation along these planes 
without recrystallisation of the mass would result in an internal 
strained condition of the steel, and the brittleness dealt with 
above is due, in the author’s opinion, to this state of internal 
stress. 

On testing steel in such a condition at gradually increasing 
temperatures it is obvious that a temperature will be reached at 
which the mobility within the mass is sufficient to allow of the 
dissipation of these internal stresses, following which the impact 
value of the material will rise to normal limits. 

The reason why steel which has been deformed and not reheated 
recovers its ductility at an earlier stage than the reheated material 
would appear to be that owing to no recrystallisation having 
occurred along the planes of maximum strain, the internal strain 
is not by any means so great as is the case with the material 
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which has been reheated subsequently to stressing. As even the 
normalised material is in a slight state of strain within the mass, 
due to cooling conditions, it 1s fair to assume that a still further 
reduction in the temperature of testing would result in such steel 
showing low impact values—a fact which has been established by 
other workers. 

The next point at issue is the difference obtained in tests under 
the conditions dealt with between material in differing initial 
conditions. ‘The data recorded above indicate that a normalised 
steel is more prone to brittleness than one which has been hardened 
and tempered, and the effect is still more marked in a steel which 
has been slowly cooled prior to stressing and reheating. 

It is well known that the coarser the grain of the material the 
greater is the lability to local deformation on stressing, and if 
the foregoing explanation of the behaviour of stressed and reheated 
steel be accepted, this provides a ready explanation of the difference 
in the behaviour of the three different conditions of mild steel. 


SUMMARY. 


1. Mild steel becomes brittle if deformed beyond certain 
limits and reheated to approximately 250° C., while the unde- 
formed portions of the same steel remain perfectly ductile. 

2. If cold-worked and reheated as above, impact values are 
lowered from approximately 90 ft.-lb. to less than 10 ft.-lb. when 
tested at room temperature. 

3. The impact resistance increases with a rise of testing 
temperature, until at 80° C. the reduction is only such as would 
be expected, in view of the increased hardness induced by cold- 
working. 

4. For different conditions of the steel, the temperature at 
which the induced brittleness is lost varies. Mild steel in the 
hardened and tempered condition remains ductile to a lower 
temperature than similar steel in the normalised condition, whilst 
original slow-cooling induces brittleness at a higher temperature. 

5. Normalised steel which has been subsequently worked and 
reheated becomes brittle at a higher testing temperature than 
that which has been worked only, and this in turn at a higher 
temperature than the normalised material. 
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6. Increasing phosphorus contents increase the loss in ductility 
in each of the above conditions, but this is particularly marked 
in steels which have been reheated after cold-working. 

7. Apart from their influence on the question of impact testing, 
the results given are of vital interest in connection with pressed 
articles, particularly if reheated after pressing, in view of the 
increasing use of such articles for vital parts, for lifting chains, 
particularly where they are reheated after use, for rivets, and for 
numerous other purposes where hitherto the ductility of dead soft 
steel has not been questioned. 


The author wishes to express his thanks to Messrs. 8. Fox 
& Co., Ltd., Stocksbridge Works, near Sheffield, in whose Research 
Department this work has been carried out, for permission to 
publish the data recorded, and also to his colleagues who have 
helped in the experimental work ; he would particularly mention 
in this connection Mr. R. D. Pollard, Assoc.Met., of the Research 
Department, and Mr. H. Lismer ‘l'est-House Manager. 
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DISCUSSION. 


Mr. A. Atutson (Sheffield) said the paper was an interesting record 
of some properties of mild steel which were very familiar to those 
concerned with steel pressings. Not long ago he had some pieces 
of mild press-work steel put before him which pressed beautifully, but 
when the articles were enamelled at a temperature of about 300° C. 
they were so extremely brittle that if one attempted to shear a piece 
with hand-shears the steel fractured like glass. 

There was one aspect the author had not touched on, but which he 
thought was very important—namely, the question of grain-size; he 
might have added to the interest of the paper by showing illustrations 
of the grain-size. 

The steel experimented with by the author contained carbon 0-14 
and manganese 0-6 per cent. He believed it was generally recognised 
that the steel which, above all others, was liable to grain-growth, was 
that which lay in the carbon range 0-05 to 0-13 per cent., with a 
manganese range of, probably, 0-35 to 0-40 per cent. It seemed to 
him, therefore, that the author had experimented with a steel which 
was just outside the range within which grain-growth was liable to 
take place, although some of its effects might occur; he would have 
obtained more pronounced results, probably, had he operated within 
the grain-growth range. In support of that, it would be observed in 
Table I. that the Armco iron, even when normalised at 950° C. and 
reheated at 300° C., showed marked brittleness—what, quantita- 
tively, might be called brittleness, though he hardly thought it could 
be called practical brittleness. That iron had probably the coarsest 
grain-size of any of the materials experimented with. Probably the 
finest grain-size would be produced by the water-quenching, and the 
coarsest by cooling slowly in the furnace, so that it would appear from 
a comparison of Tables IV. and VI. that the effect of grain-size was 
reflected in the corresponding impact figures. 

Coming to the theoretical considerations, he ventured to suggest 
that the brittleness described by the author was closely related to a 
phenomenon well recognised in steel pathology, and known as Stead’s 
brittleness. It appeared to him that there were two kinds of brittle- 
ness. The author had tackled one variety, which he thought was the 
kind most frequently found in practice. The brittleness produced by 
straining or cold-working steel and then tempering was true Stead’s 
brittleness. Then the author showed that merely reheating to 300° C. 
produced a certain degree of brittleness. Personally, he could not 
suggest how the two were related, except that some change in the 
ferrite was produced by tempering at 300° C. 

For the phenomenon of Stead’s brittleness he had ventured to 
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suggest elsewhere! an explanation on the following lines. When 
strained steel was examined under a microscope, the visible strain 
lines, by their very visibility, indicated that portions of a crystal had 
slipped over one another; and he suggested that that process of 
slipping indicated an actual liquefaction, immediately followed by a 
quenching effect, which was actually regelation. In support of that, 
he contended that it was difficult to conceive that if a portion of a 
crystal slipped over another portion under the influence of stress, the 
two portions would adhere together afterwards, unless something of 
the nature he suggested took place. He carried the suggestion further 
and said the brittleness increased with the grain-size, because, although 
under the microscope one saw only linear dimensions, actually those 
shp-planes varied as the square of the diameter of the crystals. 

Another point was that recent experiments, particularly those of 
Edwards, Pfeil, and Carpenter, had shown that tensile strain produced 
a definite critical degree of deformation different from that produced 
by cold-rolling. He suggested that, in the case of tensile strain, the 
crystals were more free to select their favourable orientations than in 
cold-rolling, where probably all the crystals were compelled to undergo 
deformation. 

Tempering at 300° C. seemed to be an essential part of the brittle- 
ness, and the figures given in Table I. indicated that tempering after 
normalising without straining had a more decided effect on the Armco 
iron than on the low-carbon steel. Since the phenomenon normally 
occurred in steels containing 0-1 per cent. of carbon or less, it would 
appear that the cause was located in the ferrite crystals and that some 
change was produced at 300°C. The expulsion to the boundaries of 
such carbide as was present seemed to be a part of the process. 

The theory he put forward had at least one virtue, in that it agreed 
to some extent with that suggested by the author. Granted that the 
material of the slip-bands underwent sub-microscopic crystallisation, 
one might suggest that the temperature of 300° C. produced sufficient 
recrystallisation to weaken the welding between the crystal portions, 
without being sufficient to re-form definite crystals with consequent 
boundary strength. He could not agree,that internal strains would 
account for the brittleness; in fact, he suggested that a paragraph 
in the paper itself, in which the author referred to rising temperature 
imparting increased mobility, controverted that statement. 


Mr. T. H. Turner (Birmingham) said the paper showed that there 
was a maximum liability for cracking or brittleness to take place 
somewhere about 200° C. : 

Fig. A showed the liability of mild steels to develop strain-etch 
markings. The two phenomena must be very closely connected, 
because the work done on strain-etching showed, not only that the 


1 Tron Age, 1926, vol. exviii., July 6, p. 73. 
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phosphorus content was of importance, but that the effects of the 
previous treatment of the steel were similar—that 1s, quenched steel 
would not give the strain-etching marks, or the peculiar brittleness 
described, and so on. At the top of the curve there was no lability 
to produce strain-etching, and down at the bottom, between 150° and 
250° C., there was the maximum liability. 

Jevons had reproduced illustrations! of a series of tensile speci- 
mens which, after annealing, had been strained to different degrees ; 
they would explain the variations found in Tables I. and II. of 
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Fig. A.—Extended Experiments on the Effect of Varying the Low Temperature 
of the Heat Treatment necessary before Strain-Etching. (Comparative 
observations after 72 hr. in the strain-etching solution.) (EK. W. Fell, 
Carnegie Scholarship Memoirs, 1927, vol. xvi. p. 101.) 


Mr. Bolsover’s paper. After straining, they had been heated to the 
critical temperature range which the author had used, and they had 
then been etched for a long time in Fry’s reagent. The wedge-shaped 
deformations produced in the steel were very localised, and the whole 
of the test specimen was not equally strained between the yield point 
and some 5 per cent. elongation. In most of the cases there were 
quite large areas which were not strained. The author had taken very 
similar test-pieces, except that they were circular, while those of 
Jevons were flat; the latter might therefore be regarded as sections 
from the author’s test-pieces. After straining, the author had cut 
Izod test-pieces from the strained material. As was well known, the 
Izod test only showed the property of the material just at the bottom 
of the notch, and therefore it would be seen that the author might have 


1 Journal of the Iron and Steel Institute, 1925, No. I., Plate X XII., Figs. 1 to 5. 
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prepared several test-pieces in which the bottom of the notch was 
actually unstrained material; in only one or two might he get, at 
those low extensions, strained material at the bottom of the notch. 
That was borne out by Table II.; at 200°C., one test on a given 
specimen gave a figure of 48 and the other 96, a difference of 100 per 
cent., whereas where there was no reheating there was remarkable 
uniformity. The same could be said for the 10 per cent. elongation, 
but there the liability to strike one of the strained areas was greater, 
so that the results tended to be lower, although there was again a great 
difference between the results from the same specimen. 

Turning to Table III., one found exactly the same difference on 
the dead soft steel. With no stretching the specimens gave extra- 
ordinarily uniform results. With 5 per cent. stretching there was a 
marked difference, the figures varying from 87 to 23, while with 10 per 
cent. the variation was between 25 and 11, which were again very 
marked percentage differences. He thought the same explanation 
applied in that case also. He therefore agreed with the remark in 
the author’s theoretical considerations, that the grosser effects of 
cold-working must be regarded as of great importance here, but he 
would supplement that by saying that the grosser effects were obviously 
connected with the space-lattice structure of the material. 

The question arose of whether this brittleness was transitory. 
Mr. Sutton? had referred to a brittleness in pickled steel which 
would depart by simply leaving the specimen for a few days, or by 
boiling it in water. Had the author any evidence that the brittle- 
ness in strained and heated steels was transitory? After reading 
Mr. Bolsover’s paper, he dug out some specimens, four years old, 
and tried to find whether they were still brittle. So far as he had 
gone they were not, but he could not say he had gone far enough. 
He had not found the signs of extreme brittleness which the author 
showed. 

The German work to which the author referred was concerned with 
boiler steels. There had been great trouble through mysterious cracks 
in carbon steel boilers, and the recommendation made was that since 
that type of material could not be relied on an alloy steel should be 
used to overcome the difficulty. The German workers showed that 
2 per cent. nickel steel and 5 per cent. nickel steel gave practically the 
same good results as the usual mild steels, so far as freedom from that 
type of brittleness was concerned. The phenomenon under discussion 
was linked up with the “ ageing ” of boiler steels. There could be no 
doubt that strain-etching, the brittleness in question, and ageing were 
at bottom due to the same causes. Stromeyer had recently pointed 
out that the defect of cracks in boilers was by no means so scarce as 
was imagined, and the insurance companies were anxious about it. 
Mr. Bolsover’s investigation of the causes of that type of brittleness 


1 See Sutton’s paper, this volume, p. 179. 


499, DISCUSSION ON BOLSOVER’S PAPER. 


might therefore also be of use in connection with the choice of materials 
and processes for boiler manufacture. 


Mr. J. A. Jones (Research Department, Woolwich) said that in a 
paper which Dr. Greaves and he had read before the Institute," 
they had described some work on the effect of cold-rolling on the 
impact figure of mild steel. Reheating cold-worked material at 250° C. 
resulted in an increase in the maximum load and a consequent lower- 
ing of the impact figure, which was an effect similar to increasing 
the degree of cold-rolling. That displaced the temperature/impact- 
figure curve to the right, as illustrated by the author, and as was the 
case of mild steel cold-rolled by different amounts. The annealed 
material, if tested at temperatures below atmospheric, would show a 
curve identical in form, but placed farther to the left, as was suggested 
in the author’s paper. 

Another interesting point was the difference in the values which 
could be obtained for apparently identical material when notched- 
bars were tested at temperatures about atmospheric. In the testing 
of notched-bars cut longitudinally from mild steel of about the carbon 
content described by the author, it was found that, for material where 
there could not be any variation in the properties to warrant the 
difference, one could get either a high or a low value for the energy 
absorbed. Intermediate values were very rarely obtained. The effect 
was probably due to a difference in the mode of deformation. 

Tests which were carried out on annealed mild steel reheated to 
250° C. and tested afterwards without overstraining at temperatures 
about and below atmospheric showed that that treatment tended to 
eliminate the high figure. It was necessary, in order to form a definite 
conclusion, to carry out a large number of tests. The few tests he 
had been able to undertake showed there was a tendency to eliminate 
the high figure. 

It was of interest to note the effect of phosphorus, which was 
rightly regarded as an element inducing brittleness in steel. High 
phosphorus content showed a pronounced effect in increasing relative 
ageing brittleness. The author carried out a heat treatment recognised 
as one that would increase the ductility of a steel—hardening and 
tempering—and that treatment decreased the susceptibility of the 
steel to ageing brittleness. He would therefore suggest that the addi- 
tion of an element which was known to increase the ductility of 
the steel might also reduce the susceptibility of the steel to the form 
of brittleness described. A paper on boiler steels,? published in 
America, showed that the effect in question was considerably reduced 
in some nickel steels, but perhaps the addition of chromium might 
produce the effect at a lower cost. It would be of interest to learn 


1 Journal of the Iron and Steel Institute, 1925, No. II. p. 123. 
2 C. McKnight, “ Alloy Steel for Boiler Construction,” Transactions of the 
American Society for Sieel Treating, 1928, vol. xiii. p. 638. 
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if the author had any information about the susceptibility of alloy 
steels to that form of brittleness. 


Mr. T. M. Service (Glasgow) said that quite recently he had been 
investigating the same point as the author. There could be no doubt 
that the particular class of steel described, containing approximately 
O-1 per cent. of carbon and low in manganese, was very susceptible 
to the particular form of brittleness with which the paper dealt. He 
had investigated various boiler-plate steels which contained alout 
0-2 per cent. of carbon, and it was only in some cases that that 
brittleness was obtained; it did not occur in every case. On the 
Continent a steel which did not possess that brittleness was being 
advertised; he understood it was a steel which was very highly 
deoxidised. About 90 per cent. of the steel in Great Britain was open 
steel, and very little attempt was made to deoxidise that material. 
Boiler-plate material was not so completely killed as that used for 
ordinary forgings, for guns or anything like that, but was more com- 
pletely killed than the ordinary ship-plate quality; occasionally one 
might get one charge more deoxidised than another, and that might 
be the charge which was satisfactory and did not have the property 
complained of. He suggested, therefore, that possibly the quality 
of the steel had more to ‘do with the brittleness than the chemical 
composition. It might be of interest to make a dead-melted steel with 
0-1 or 0-2 per cent. of carbon and determine whether it still possessed 
those properties. 


Mr. J. H. Wutreey (Consett) said he presumed that Mr. Bolsover 
cooled the samples in air after heating them to 250°C., so that they 
would cool fairly slowly through the 80° range in which most of the 
brittleness was removed. If so, it was rather surprising that the 
brittleness still remained, and he would like to know if it was increased 
by quenching from 250° C. in water. He was particularly interested 
in the paper as it concerned the galvanising process for sheets. 
Occasionally, extreme brittle material was produced, usually with the 
thicker sheets. He thought that the reason was, in such cases, that 
the temperature reached in annealing had not been sufficient to remove 
all cold-work in the first place, and then, subsequently, the sheet, 
owing to its thickness, did not reach the temperature of the galvanising 
bath in the short time of immersion.. Mr. Bolsover’s work indicated 
that it only reached 250°C. A peculiar feature of that brittleness 
was, however, that it was not removed until the steel had been heated 
to above 500°C. The bends were still bad when the sheet was heated 
for long periods at lower temperatures. In that respect the brittleness 
appeared to differ from that produced by Mr. Bolsover. Did the 
annealing temperature required depend upon the time the steel was 


held at 250° ©, ? 
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Mr. H. O’Netrt (Manchester) said that on p. 485 it-was stated that 
by reheating the cold-worked material to the region of 250° C. the 
hardness was increased. Personally, he regarded that as a half-truth. 
If the hardness tests were conducted at a very low Brinell load the 
treated metal would be found to be softer. He had deformed some 
crystals of iron some years ago,t and by conducting scratch tests on 
them found that softening proceeded at those low temperatures. The 


y : ie 
loads used for scratching were very small—equivalent to a pz value 


of 0-5. The matter had also been dealt with very fully by Pfeil,? who 
had more or less settled it. It could not be said that by heating to 
250° C. the hardness was either increased or decreased; one could 
only say that the “ hardenability”’ of the steel had been changed. 
He therefore disagreed with one of the speakers in the discussion, who 
stated that by heating the cold-worked steel at 250° C. one in effect 
increased the amount of strain-hardening in it, or, rather, that the 
treatment was equivalent to giving it more cold-rolling. Pfeil’s work 
showed that that was not the case. The amount of cold-work in the 
steel could in a sense be represented by the lowering of the Meyer n 
value of the ball test. Pfeil had shown that by heating worked iron 
to 250° C. the n value was increased, which meant that that annealing 
had just the reverse effect to putting in more cold-work. 

He thought that it was necessary to emphasise these effects asso- 
ciated with the Brinell test, and due to the Brinell hardness number 
obtained with different loads giving different values. Testing the 
material with very low loads would show softening at 250° C., though 
with a normal load a somewhat higher value might be obtained. 

It had also been stated * that low-temperature annealing of cold- 
worked iron caused a decrease of electrical resistivity. One might 
expect that to be associated with a decrease of hardness. 


Mr. T. H. Turner (Birmingham) remarked that Mr. O’Neill had 
discussed a theoretical aspect of the hardening effect of strain in words 
which appeared to show that the local strain did not actually harden 
the steel. He would point out that the local hardening due to strain 
had been definitely proved by Fell.4 


Mr. EK. W. Cotsecx (Northwich) said he had recently been faced 
with a problem in regard to 22 and 24-gauge sheet material, with 
very low carbon and manganese content. Drums were made of that 


1 “The Effect of Annealing on Cold-Worked Single Crystals of Silico-Ferrite,” 
American Institute of Mining and Metallurgical Engineers. Iron and Steel Tech- 
nology im 1928, p. 229. 

* Iron and Steel Institute, Carnegie Scholarship Memoirs, 19217, vol. xvi. p. 153. 

° American Institute of Mining and Metallurgical Engineers. Institute of 
Metals Division, 1927, p. 388. 

* Iron and Steel Institute, Carnegie Scholarship Memoirs, 1927, vol. xvi. p. 101 
(see Fig. 18, Plate XIV.), 
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material by seaming and closing up the seams tight, and there was 
a certain critical deformation which one could put on with the seaming 
machine which resulted in the drum seams cracking when they were 
filled with a liquid at about 330°C. It might have been expected that 
the effect of a 330° or 340° C. treatment on a 22-gauge sheet would 
be to anneal it. The drums waited 6 hr. before they cracked, the 
temperature being then just about 200°C. The cracking could be 
prevented by altering the pinch in the seaming machines, so that 
it appeared that the cracking had something to do with a critical 
deformation and a critical range of temperature. 


Mr. F. W. Harzorp, C.B.E. (Past-President), said there was one 
very practical consideration which arose out of the author’s first 
conclusion that mild steel when stressed beyond certain limits and 
reheated to approximately 250°C. became brittle. That brittleness 
depended upon the material being stressed beyond certain limits, but 
many stamped articles were severely stressed and afterwards japanned, 
and although he did not know the exact temperature used during that 
process, he thought it would be somewhere about the above tempera- 
ture, and if those stampings were brittle when subjected to further 
stress, fracture might occur. 

Many deep stampings were not subjected to further stress after 
japanning or similar treatment, and the danger in those cases would 
not arise, but in many cases they were, and results might be serious. 
He had had one or two failures brought to his notice which he thought 
might possibly be due to that cause. 

An important point was whether the brittleness referred to was 
permanent or transitory, as in the latter case, if the articles were left 
for a few days before being further stressed, the danger of failure might 
be removed. 


Professor T. TurNER (Member of Council) said some of those present 
might remember the very interesting paper on the subject now under 
discussion, and the beautiful illustrations in it, which was presented 
by Dr. Stead a number of years ago. One of the characteristics of 
the brittleness shown by Dr. Stead was the right-angle fracture in the 
thin mild sheet—a fracture which, as far as he knew, one saw only 
in such cases. Such brittle sheet steel could recover its ductility, of 
course, under suitable treatment. 

Taking an example from other metals, the British Non-Ferrous 
Metals Research Association had recently done some interesting work 
in connection with sheathing for cables which, when of pure lead, often 
gave trouble with fractures. A very important improvement had been 
effected by the addition of a small quantity—of the order of only 
0-1 per cent.—of either cadmium or tin. Another case was that of 
zinc ; that metal was rolled, and a great deal of press-work was done 
with it. With pure zinc one might get trouble from fractures and 


496 DISCUSSION ON BOLSOVER’S PAPER. 


brittleness, but the addition of a very small quantity of another 
element, such as copper, made that zinc better than the pure material. 
He did not know if it had been tried, but he thought the suggestion 
made by Mr. Turner was worth consideration—namely, that if to those 
mild steels a small quantity of a suitable element were added there 
might not be so much trouble with brittleness. Whether as much 
as 1 per cent. of added element would be required was doubtful ; 
judging by experience in other cases, less than 1 per cent. might be 
quite sufficient to improve the quality of the material. 


Mr. Botsover, in reply, said Mr. Allison had commented on the 
fact that grain-size was not shown by micrographs. While he had not 
shown it in that way, he had given results regarding it, which Mr. 
Allison had confirmed ; he had tested steel in three different conditions 
of grain-size, and the results, as instanced by the three different initial 
conditions, were recorded in Fig.2. He agreed that, generally speaking, 
low carbon and manganese steels gave a greater grain growth than 
normal steel and steel of the type he had used. The Continental steels 
did show that type of brittleness considerably more than the English 
steels ; they were lower in carbon and equally low, or lower, in man- 
ganese. He chose the particular steel he had used (and this answered 
one of Mr. Service’s comments as well) because it was definitely a 
solid steel. He hesitated to use the “ open” type of steel because it 
introduced heterogeneity, which might have some influence on the 
subsequent test according to whether the notch was situated in the 
chilled portion or the segregate portion. 

Mr. Allison had said there were two kinds of brittleness ; personally 
he came across many more than that. All he had done in the paper, 
however, was to attempt to get to the bottom of one of them. He would 
be pleased to supply Mr. Allison with samples of a dozen different 
types. 

He did not propose to go into the amorphous theory again. Mr. 
Allison had suggested that the phenomenon occurred only in mild steel, 
but he could assure him there was evidence that it also occurred in 
other than mild steels. One reason why he wanted to get his paper in 
print was that the number of variables one could apply with regard 
to this form of brittleness made it almost imipossible for any one worker 
to get through the amount of work necessary in a reasonable time, and 
he hoped as a result of the paper somebody would do a little of the work 
for him and publish the results. 

He could not quite understand Mr. Allison’s theory that minute 
grain growth in the amorphous material caused the brittleness. A sub- 
microscopically fine material was a strong material, and he did not see 
why it should be brittle on that account. He did see reasons why that 
alteration in grain should cause internal strain, however, and he thanked 
Mr. Turner for his contribution on that point. Personally, he thought 
the results Mr. Turner had obtained confirmed the theory which he 
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himself had put forward—namely, that internal strain was the cause 
of the brittleness. ; 

Mr. Turner had suggested that the grosser effects referred to in the 
paper were dependent on the space-lattice ; that was an arguable point, 
but personally he did not think so.. He thought that whatever the 
type of space-lattice there would still be those grosser effects. There 
was bound to be deformation of the space-lattice, but he did not think 
the brittleness was dependent on the space-lattice but on the planes 
of maximum strain, and those were independent of the lattice. 

The question whether the brittleness was transitory had been raised. 
He thought the opposite effect applied. When cold-worked material 
was reheated to 250° C. there was an increase in the elastic limit, in the 
yield point, and in the maximum stress in tension, and a reduction in 
the ductility ; hence, he said, the material was harder after heating to 
250°C. One could get the same effect by ageing at room temperatures. 
If cold-rolled strip was sent to a customer’s works and not checked until 
a couple of months had elapsed, it would be found to be outside the 


specified range, owing to its having been stored in a warehouse at room 


temperatures. It was only fair to assume that the room-temperature 
ageing effect on the brittleness would occur in the same way as it would 
on heating to 250° C., as would be done to harden cold-rolled strip. It 
was possible that the brittle condition was not confined to dead soft 
steels, and would be produced by ageing alone, apart from any question 
of reheating after deformation. 


This paper was also discussed at the Additional Meeting held at 
Sheffield on May 15, 1929. 


Mr. G. StanFieLp (Sheffield) said the subject-matter of the paper 
was of practical importance, because there were many structures where 
the imposition of heating to temperatures in the region of 250° to 300° C. 
on the cold-worked condition did occur, particularly, for example, 
in boiler work. 

The theory put forward by Mr. Bolsover was very ingenious, and 
he (Mr. Stanfield) wished to mention one thing which rather sup- 
ported it. Krivobok! had made some very interesting examinations 
of specimens cold-worked and then reheated to various temperatures ; 
they showed that crystallisation along certain planes where local 
deformation had occurred did begin to take place at relatively low 
temperatures, something below 300° C. He believed that the lowest 
temperature actually used in those experiments was about 285° C., 
which fitted in very well with the range which Mr. Bolsover had 
mentioned. Mr. Bolsover followed up that theory by suggesting that 


1 Paper read before the American Institute of Mining and Metallurgical 
Engineers, Feb. 1926. 
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after that temperature a condition of internal stress was left in the 
steel. There, he thought, the whole matter was very hypothetical. 
The recrystallisation apparently did begin to occur, but whether it 
was because that recrystallisation left a condition of internal stress 
that low impact values were obtained must be left for the present. 


Dr. W. H. Harrrerp (Member of Council) asked, did the 
phenomenon investigated by Mr. Bolsover always happen? If not, 
why not? He suggested that quite a tonnage of that material was 
supplied in which the complaint with which Mr. Bolsover had had to 
deal had not turned up, when the variables, so far as he had them under 
control in the paper, were still under control. Would Mr. Bolsover 
say whether that were so or not, or whether his deduction No. 1 held. 
Was it not—he ventured to suggest that it was—within Mr. Bolsover’s 
experience that other consignments of steel, submitted to exactly the 
same procedure, had not invariably behaved in such a brittle manner ? 


Mr. H. Surron (Farnborough, Hants.) asked whether in the author’s. 
experience different types of steel had shown any possible bearing on 
the problem of brittleness after tempering, in relation to the method 
of manufacture of the steel. He believed that a suggestion had been 
made by several workers in that field that the oxygen content of the 
steel might have some bearing on the matter. Brittleness of cold- 
rolled and tempered carbon steels had been of fairly general occurrence 
in his experience, and had given trouble on numerous occasions as a 
result of the reduced bending properties. 


The Cuarrman (Professor C. H. Desch, F.R.S.) said Mr. Bolsover 
had made an important contribution to the knowledge of a remarkable 
phenomenon closely connected with blue-brittleness. It should be 
borne in mind that blue-brittleness was a characteristic of iron and its 
alloys which was not found in other metals, so that a theory which 
tried to account for those phenomena must be one that took into 
account the peculiar properties of iron at temperatures above atmos- 
pheric. He thought it would be interesting to know whether steels 
made by different processes did behave alike in that respect. 


Mr. Botsover, in reply, thanked the various members for their 
contributions to the discussion, and referred to the support given to 
his theory by the work of Krivobok, to which Mr. Stanfield had referred. 
That particular work had been very well done, and the changes of 
microstructure very neatly illustrated, and it certainly did appear 
to lend some confirmation to the theory of strain effects produced by 
sub-microscopic recrystallisation. Mr. Turner, at the London meeting, 
had similarly referred to work in connection with strain-etching figures, 
which followed very closely the phenomena dealt with in the paper. 

In reply to Dr. Hatfield, he would say that in all the carbon steels 
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examined up to the present evidence of the brittleness in question had 
been found. That applied both to the solid and non-solid dead soft 
steel, and also to steels of higher carbon content. The question of 
alloy steels was only now receiving attention, but so far as it had gone, 
the work did seem to indicate that beneficial effects could be derived 
by the addition of nickel. That was not yet definitely established, 
as, apart from the fact that some nickel steels did show brittleness, 
it would be necessary to try out various combinations of stresses and 
temperatures of reheating, to mention only two factors, before one 
could say definitely that the influence of cold-work and reheating was 
not detrimental under any conditions. 

Mr. Sutton had raised the important question of method of manu- 
facture and oxygen content. It should be pointed out that the steel 
dealt with in the paper was a solid steel, deliberately chosen as such 
in order that no question of heterogeneity might enter into the test 
results. The author’s experience was that with the other low-carbon 
steels, produced under Continental conditions, the brittleness referred 
to was certainly more marked than in English steels, including in the 
latter the normal rimming or effervescing type of dead soft steel. 
Whether that difference in behaviour was due to increase in oxygen 
content or not, he was unable to state. 

Professor Desch had referred to the work in question as relating to 
blue-brittleness. Whilst it might be so described, it was hardly correct 
to speak generally of that type of brittleness under such a heading, 
as blue-brittleness covered a number of types, though in the author’s 
opinion it was more correctly descriptive of that brittleness which 
occurred at a blueing heat—approximately 300° C. Again it should 
be emphasised that if a formed article, which had proved brittle due 
to the conditions dealt with in the paper, were cut up for examination, 
the parts which had not been deformed were perfectly ductile, and it 
was only the deformed areas which exhibited brittleness. 

Mr. Botsover wrote, in further reply: Most of the points raised 
in the discussion have already been dealt with in the verbal replies 
at London and Sheffield. Various members at the London meeting 
raised the question of the effect of added elements, and this has been 
partially dealt with in the reply to the Sheffield discussion. It is 
hoped that in course of time further data will be available relative to 


this aspect of the subject. 


The instance of brittleness raised by Mr. Colbeck is of interest, in 
that the author would have anticipated that reheating to 330° C. 
would have dissipated to a considerable degree any brittleness induced 
by forming and reheating. It is possible that the type of forming 
was such as to require a slightly higher temperature than that found 
by the author to develop brittleness to the full degree, or it may be 
that commencement of failure actually occurred as the steel was being 


heated by the hot liquid, but only opened out into definite cracks 
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when the further heatings and coolings had produced such stresses as 
would lead to definite opening-up of the seams. 

At the London meeting Mr. Allison, in his concluding remarks, 

dealt with the validity of the theory expounded, on the question of 
increased mobility with rise of temperature, and Mr. Whiteley could 
not fully accept the explanation of the 80° C. effect, as the samples 
after reheating to 250° C. would cool more or less slowly through this 
temperature range. Both these points are readily capable of explana- 
tion by the fact that the two effects dealt with as affected by a 
temperature of 80° C. (referred to in the paper) were tests carried out 
actually at that temperature, and were not simply reheatings followed 
by tests under ordinary atmospheric conditions. 
' The effect of thickness of strip in the galvanising operation is 
definitely of importance. In galvanising, except on very thin articles, 
the strip does not reach the temperature of the galvanising bath. In 
certain sizes, this results in the heating of the articles being galvanised 
to the ideal critical temperature for producing brittleness, whilst 
thinner articles will more nearly approach the temperature of the 
bath. If the thicker articles are left in the bath sufficiently long to 
reach the actual bath temperature brittleness does not occur, but the 
galvanising is ruined—a fact which is only too well appreciated by 
those dealing with such operations. 
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THE OXIDATION OF TRON AND STEEL AT 
HIGH TEMPERATURES.* 


By L. B. PFEIL, D.Sc., A.R.S.M. (Swansra). 


INTRODUCTION. 


In industry the scaling of iron and steel at elevated temperatures 
is a matter of very great importance. During the reheating of 
steel ingots and the rolling of the metal into bars, sheet, and wire, 
an important percentage of the metal is converted into oxide. 
Besides being wasteful, this oxidation leads to defects which 
become of increasing importance when a product of good surface 
finish is demanded. In close annealing operations oxidation of 
the steel boxes occurs to a serious extent, and the cost of replace- 
ment forms an important item in the manufacturing costs of steel 
sheet and wire. In recent years there has been an increasing 
demand for steels possessing exceptional resistance to oxidation, 
and to meet this demand a large number of alloy steels have been 
introduced, which owe their resistance to oxidation mainly to the 
presence of nickel and chromium. 

In view of the importance of oxidation at high temperatures, 
it is not surprising that a considerable number of papers bearing 
on the subject have been published in recent years. Stead, 
Dickenson, McCormick, Pilling and Bedworth,” Hatfield, 
and Smithells, Williams, and Avery;® have investigated the 
formation of scale and the rate of oxidation. Other aspects of 
the iron-oxygen system have been dealt with by Sosman and 
Hostetter,” Stead,® and Tritton and Hanson,® while infor- 
mation bearing on the subject is also to be found in papers 
dealing with the iron-oxygen-carbon and iron-oxygen-hydrogen 
systems.2” For a very complete series of references the “ Biblio- 
graphy of Metallic Corrosion ” ¢ should be consulted. 


* Received January 5, 1929. 
+ Dr. W. H.N. Vernon. Edward Arnold: London, 1928. 
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The present paper deals with the mechanism of oxidation of 
iron and steel, and not with the rate of oxidation in a quantitative 
sense. The work was designed to elucidate the fundamental facts 
of oxidation, and to explain these facts on a common basis. The 
scope of the paper therefore covers a wide field both as regards 
the composition of the metal and the character of the oxidising 
medium. In industry the oxidation of iron and steel occurs 
very largely in an atmosphere consisting of carbon dioxide, 
steam, oxygen, and nitrogen, &c.—that is, the products of com- 
bustion of the fuels employed for heating purposes. Oxidation 
under such conditions differs in many respects from that obtained 
in the laboratory, so that it is improbable that the results and 
conclusions recorded will have an immediate and direct application 
to industrial problems. It is hoped, however, that the paper will 
serve a useful purpose by increasing knowledge, and so will lead 
eventually to results of practical value. 


Tur APPEARANCE, COMPOSITION, AND GENERAL PROPERTIES 
OF SCALE. 


When iron and steel are oxidised at a red heat in air the scale 
does not form as a homogeneous deposit, but as a series of layers 
differmg in appearance, properties, and chemical composition. 
This layer formation is produced whether the metal be pure iron, 
carbon steel, or alloy steel. Many brief references have been 
made in technical literature to this layer formation, but as this 
paper deals largely with the composition and formation of these 
layers, this feature will be described in detail. Scale in iron and 
ferrous alloys consists normally of three layers; they will be 
referred to throughout as : 


Layer 1—the outside layer. 

Layer 2—the middle layer. 

Layer 3—the innermost layer in contact with the unoxidised 
metal core. 


About 10 per cent. of the total scale thickness consists of the 
outside layer, about 50 per cent. of the middle layer, and 40 per 
cent. of the innermost layer. In Fig. 1 (Plate LVII.) are shown a 
number of severely oxidised pieces of metal from which the scale 


STEEL AT HIGH TEMPERATURES. 508 


has been removed in part so as to expose the various layers of 
scale and the unoxidised core. A, B, and C are plain carbon 
steels, D is a 2 per cent. silicon steel, H is a 2-75 per cent. nickel 
steel, and F a 5 per cent. tungsten steel. ‘he specimens were 
set at an angle of about 30° to the vertical for the photograph, so 
that some idea of the thickness of the layers may be obtained. 
The numbers 1, 2, 8, and 4 represent layers 1, 2, and 3, and 
the unoxidised core respectively. ‘The three carbon steels were 
originally 4 in. in diam., the silicon steel 8 in. in diam., the nickel 
steel >% in. square, and the tungsten steel was a dise 1 im. in diam. 
and 4 in. thick. The degrees of oxidation of the specimens are 
not comparable, as the time of oxidation varied from three to 
seven days at a temperature of 1000° C. in air. 

When oxidation has been severe it is possible to obtain samples 
of each layer almost free from contamination by the other layers, 
although it is seldom possible to separate the whole of each layer 
from the other layers and from the core. 

It must not be supposed that three layers, and three layers 
only, are invariably present, for, while this is generally the case, 
it is often found that where disturbing influences have been at 
work the number of layers may be more or less than three. In 
particular, blistering of the scale affects the layer formation. 
Serious temperature fluctuations during the oxidation, and the 
presence of certain impurities in or on the metal may also spoil 
the three-layer deposit. These points will be elaborated later. 


Appearance of Scale Layers. 


Layer 1.—-The outer surface of the outer layer of scale on iron 
has a smooth velvet-like appearance, while the under surface has 
a bright lightly-etched appearance. The thickness of the layer 
varies with the time and temperature of oxidation and with the 
air supply. The fracture of the layer is concoidal to crystalline, 
somewhat similar to black glass. 

Layer 2.—The outer surface of the middle layer has a bright 
lightly-etched appearance, with a distinct indication of a crystal- 
line structure. The inner surface shows perfectly in reverse all 
the details of the original surface of the iron before oxidation, 
such as identification numbers stamped on the iron, saw-marks, 
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and similar details. ‘The position of the inner surface corresponds 
with that of the external dimensions of the iron before oxidation, 
and is therefore independent of the conditions of oxidation. The 
characteristics of the inner surface are very important from the 
point of view of any theory of oxidation, and are referred to again 
later. The fracture of layer 2 is, like that of layer 1, black and 
concoidal to crystalline, the outer half sometimes having a speckled 
appearance at high magnifications, the inner half being smooth. 

Layer 3.—The outer surface of the imnermost layer has a 
marked crystalline appearance. ‘The layer consists of minute 
idiomorphic crystals, mainly almost perfect cubes, lightly fritted 
together, but becoming more consolidated where in contact with 
the metal core. The outer surface of the layer is so very porous 
that contact is only made with layer 2 at points, and thus the 
details of layers 2 and 3 are not conformable. The inner surface 
of layer 3 shows details corresponding with those on the surface 
of the unoxidised metallic core. The layer is very weak, and 
may be powdered between the fingers. Under the high-power 
microscope the crystalline aggregate is very beautiful, bearing a 
close similarity in appearance to bismuth specimens prepared by 
pouring off the mother liquor after partial solidification; the 
very high relief, however, makes ordinary photographic repro- 
ductions impossible. .When the temperature of oxidation has 
been very high the minute cubic crystals are replaced by almost 
perfect spheres, indicating a partial melting of the crystals. 

In Fig. 2(Plate LVI.) the obverse and reverse of the three layers 
from the oxidised surface of an iron disc # in. in diam. are shown. 
The outside layer was broken somewhat during removal so that 
only one-half is shown. ‘The outer velvet-like surface and inner 
bright surface are clearly depicted. The inner surface of layer 2 
shows the identification marks as perfectly as they were when 
stamped on the iron specimen; no sign of the marks is visible 
on the outer surface of the innermost layer, in spite of the fact 
that it was in contact with the inner surface of layer 2. This, 
as already pointed out, is due to the very loose nature of the 
innermost layer. Finally, the ill-defined character of the mark 
on the surface of the innermost layer which was in contact with 
the core will be observed. Naturally the identification marks 
on the metal were partly effaced by the oxidation, and the inner- 
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most scale layer was moulded to the final shape of the core. It is 
probable that the middle layer was moulded to the pattern of the 
metal at the moment when oxidation commenced, and hence is 
a much more perfect reproduction. The outside layer shows no 
sign of the identification marks. Experiment showed that three 
layers are present as soon as a sufficient thickness of scale has 
formed for microscopical examination to be practicable. Iron 
after heating at 1000° C. for 80 min. had a layer of scale about 
0-004 in. thick, and the three layers could be detected in this 
deposit, but in thinner scales the layer formation could not 
be detected with certainty. Separation of the layers was not 
possible until much thicker deposits had been formed. The 
innermost layer could be separated from the other layers and from 


the core when the scale was 0-05 in. thick (4 hr. at 1000° C.), but 


the outer layer was not separable until the scale deposit was 
0-147 in. thick (46 hr. at 1000° C.). 

The details of the nature of the layers so far given refer to iron 
oxidised in air at temperatures between 750° and 1050°C. The 
remarks apply equally well to carbon steels oxidised under similar 
conditions, and with some reservations to alloy steels. The layer 
formation in the case of alloy steels will be discussed later. For 
the present it will suffice to say that the outer layer is often 
extensively cracked, and is generally more difficult to separate 
from the middle layer ; the middle layer is similar to that ex- 
hibited by pure iron, while the innermost layer varies in character 
with the composition of the steel in question. 


Composition of Scale Layers on Iron and Carbon Steel. 


The three layers vary considerably in iron content, the outside 
layer being the lowest, and the innermost layer the highest in 
iron. Typical analyses of the three layers formed on pure iron 
oxidised at temperatures of 850°C. and 1050° C., respectively, 
are given in Table I. The metal was originally 0-5 in. in diam., 
and the diameters before and after the removal of each layer are 
given, as well as the calculated proximate analysis. 

The composition of the deposits is practically independent of 
the temperature of oxidation, and, although no figures in support 
are given in the table, it may be added that the composition 
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of the scale is also to a large extent independent of the time of 
oxidation. 

It will be seen that the outer layer consists mainly of ferric 
oxide, the proportion of which is considerably in excess of that 


Taste I.—Oaidation of Pure Iron. 


i Limiting Diameters * : 

Layer. Ryenairrey Sauon : not Layers. sis Proximate Analysis. 

SCs Days, In. © Co 
Specimen A. FeO.  Fe,Qs. 
Layer 1 ) 0-581 to 0-551 71-6 21-3 78-7 
a 2 850 10 | 0-551 ,, 0-497 75-5 71-4 28-6 
aS J 0-497 ,, 0:444 76:5 84-1 15-9 
Specimen B. 

Layer 1 0-635 to 0-589 71-55 20:6 79-4 
ee 1050 9 0-589 ,, 0-498 75-45 70°7  =29*3 
ae 0-498 ,, 0-380 | 76-0 717-8 22-2 


present in magnetite (He,0, contains 68-9 per cent. of Ie,O0, 
and 81-1 per cent. of ’eO). The outer layer might therefore be 
looked upon as a mixture of magnetic oxide and ferric oxide, and 
on this basis it contains 68-7 per cent. of F’e,0, and 31-3 per cent. 
of Fe,O3. 

The middle layer is in a much lower state of oxidation, consist- 
ing of nearly three-quarters ferrous oxide and one-quarter ferric 
oxide, while the innermost layer is still richer in ferrous oxide. 
It is not suggested that any of the layers consisted of mixtures of 
definite chemical compounds of iron and oxygen ; the considera- 
tions set out are only intended to convey an idea of the degree of 
oxidation in the layers. Nor is it suggested that each of the 
layers is uniform in composition ; the analyses given are average 
figures for the whole of each layer. It is most probable that, just 
as the layers differ in composition, becoming richer in iron on 
passing inwards to the core, so also the individual layers vary 
in composition through their cross-section, becoming richer in 
iron also on passing inwards. 


Tue M&cHANISM OF OXIDATION. 


The formation of coherent scale deposits on iron is difficult to 
explain, owing to the absence of the disruptive action which 
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might be anticipated as a consequence of the expansion accom- 
panying oxidation. ‘The case considered in the following para- 
graphs is a specially difficult one to explain, and is selected for 
that reason, but the same reasoning might be applied to the 
oxidation of iron in any form except that of a large flat surface. 

Consider the oxidation of a thick-walled iron tube, say, 4 in. 
in diam. with a #-in. bore. It may be shown experimentally 
that after a suitable period of oxidation (about 6 days at 900° C.) 
the bore of the tube becomes filled completely with scale, while at 
the same time a thick deposit of scale on the outside of the tube 
increases the external diameter to about 0-60 in. The scale on 
the outside of the tube consists of the three-layer formation already 
described, while the scale filling the bore consists of two portions. 
First, a solid rod of scale - in. in diam.—that is, of the same 
diameter as the bore of the original tube—and, secondly, a loose 
deposit of lightly-adhering minute idiomorphic crystals filling the 
annular space between the rod of scale and the inner surface of 
the corroded tube. The central rod consists of a strong but 
brittle type of scale, with a fracture like that of black glass. 

It is necessary to supply an explanation of how this scale 
formation developed. When the iron tube was first subjected to 
oxidation a thin-walled tube of scale 0-5 in. in diam. formed on 
the outside of the iron tube, and another tube of scale # in. in 
diam. formed on the inside. Is it to be supposed that as oxidation 
proceeded the outer scale tube was gradually expanded by the 
pressure exerted by further scale forming beneath, until at last 
a diameter of 0-60 in. was reached ? Is it to be supposed that the 
scale tube forming in the bore was compressed, until finally it 
ceased to be a tube at all—that is, until it became a solid rod ? 
Such a mechanism would demand a pronounced degree of plas- 
ticity in the scale, since there is no sign of disintegration either 
in the final outer scale layer or in the rod forming the core. While 
it is possible that scale is plastic at very high temperatures, it is 
certain that at temperatures of the order of 1000° C. the scale 
behaves as a brittle and non-plastic substance. At still lower 
temperatures, such as 900° C., it is exceedingly improbable that 
plastic deformation of the scale could occur to the extent in 
question. Even supposing for a moment that the scale were 
sufficiently plastic to undergo appreciable. distortion without 
fracture, there remains the difficulty of accounting for the loose 
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scale in contact with the corroded metal, which, by reason of 
its porous nature, could not exert pressure. If this inner layer 
of scale had exerted a pressure on the outer portion of the scale. 
it should itself be in a compact state, and not exist as a loose 
deposit with between 88 and 50 per cent. of voids. 

This is not the only problem. Any explanation of the 
mechanism of oxidation must also expla how scale can form 
exhibiting a crystalline surface such as that recorded by Carpenter 
and Elam,“ and also how it is possible for the outer layers of 
scale on alloy steels to be free from the alloying element. These 
two phenomena will be discussed at length later. 

The suggestion that the progressive oxidation of iron involves 
the forcing of the already formed scale away from the metallic 
core by the pressure exerted by the new scale forming beneath is 
untenable, and a new explanation must be sought. 

Mechanism of Oxygen Supply.—The two outer layers of scale 
on iron form as a dense deposit of a glass-like nature, and an 
explanation is required of how oxygen from the atmosphere 
passes through this scale so as to combine with the iron beneath, 
thus allowing oxidation to proceed. Oxygen molecules might 
diffuse along porous paths in the seale, such as cracks, but oxida- 
tion by this means would lead to irregular corrosion of the iron, 
for oxidation would occur most rapidly where the cracks were 
largest and most numerous. ‘The smoothness of the core which is 
commonly found does not favour this mechanism, although if the 
cracks were of ultra-microscopic size the unevenness of corrosion 
might not be detected. However, oxidation occurring at the 
bottom of a crack or porous place would automatically seal the 
oxygen path and so bring oxidation by this mechanism to an end. 

The alternative explanation is that the oxygen penetrates to 
the iron core with the aid of iron oxide as a “carrier.” Thus 
one might picture oxygen dissolving in the scale and diffusing 
through to the core owing to the oxygen gradient. This appears 
to be the view held by Pilling and Bedworth.” Another view, 
advanced by Whiteley,* is that ferric oxide is. formed in the 
scale, and this is followed by a reaction between the ferric oxide 
and the iron core to form ferrous oxide. There is little, if any, 
difference between these two points of view. The probability is 


* See discussion of Dickenson’s paper.(2) 
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that there is a continuous series of solid solutions over the major 
portion of the iron-oxygen system from ferric oxide to ferrous 
oxide, with a gradually decreasing dissociation pressure on passing 
from the higher to the lower oxygen content. Thus, where the 
scale is in contact with. the-air the solution will be enriched in 
oxygen, but this enriched layer will not be in equilibrium with 
that beneath, so oxygen will pass inwards until it finally reaches 
the iron, with which it combines to form FeO. This question 
will be considered again after describing experiments illustrating 
the reactions which occur between scale and oxygen, between 


‘scales of different compositions, and between scale and iron. 


Outline of New Hypothesis. 


At the iron-scale interface, iron is continually being dissolved 
in the scale (that is, the iron is being converted into oxide, which 
then forms part of the scale deposit), forming an iron-rich solid 
solution, and diffusion of the iron occurs outwards through the 
scale to the scale-air interface. It is of little importance from 
the point of view of the hypothesis whether the iron dissolves and 
diffuses outwards as atoms of iron or as molecules of FeO; the 
essential feature is that iron leaves the core without forcing 
outwards the already formed scale. 

To give weight to the hypothesis it is necessary to show, first, 
that scale of higher oxygen content will react with scale of lower 
oxygen content ; secondly, to show that metallic iron is oxidised 
by oxygen-rich scale; and, thirdly, that iron passes outwards 
through the scale to the surface. In the following sections an 
attempt will be made to establish these three points. 


The Reactions between Scale and Oxygen, between Scales of 
Different Compositions, and between Scale and Iron. 


Reactions between Scale and Oxygen.—The only oxide of iron 
which is stable when heated in air to temperatures of the order of 
800° to 1100° C. is ferric oxide. At very high temperatures the 
dissociation pressure of ferric oxide is greater than the oxygen 
pressure of the atmosphere (152 mm.), and partial decomposition 
sets in. The composition of the stable oxide over about 1200° C. 
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lies between Fe,0, and Fe,0,, being nearer Fe,0, when the tem- 
perature is higher. The following analyses will serve to show the 
effect of heating scale in air for 2 hr. at 900° C. : 


Fe%. 0.%. 
Scale from electrolytic iron | Os a - 71-80 28-20 
Scale after heating in air . : 7 : ~ 69:93 30-07 
Pure ferric oxide s ? ‘ js ¥ . 69-94 30-06 


Reactions between Scales of Different Compositions.— Weighed 
samples of scale of known composition in two alumina-lined fused- 
silica boats were placed together in an electrically heated fused- 
silica tube-furnace and heated either in pure nitrogen or wn vacuo. 
After heating, the scale samples were again weighed, and were 
then analysed for their iron contents. In different experiments 
changes were made in the relative quantities and compositions 
of the two scales, and in the time of heating and temperature. 
Results of experiments are given below : 


No. 1.—Scales Heated at 950° C. in Nitrogen. 


Scale A Scale B. 

Original iron content ; c F : 77-15% 70-05% 
Original weight of scale A F ‘ 2-3106 grm. 4-9244 orm. 
After 20 hr. heating . 2:4028 ,, 4-8312 ,, 
Change in weight during 20 hr. +0:0919 ,, — 0:0932 ,, 
After further 48 hr, heating 4 3 OES 4:-7549 ,, 
Change during further 48 hr. . é . +0:0754 ,, — 0:0763 ,, 
After second period of 48 hr. ; 2-4794 ,, 4.7542 ., 
Change during second 48 hr. . +0-0012 ,, — 00-0007 ,, 
Final iron content by analysis . 3 72-65% 72-60% 
Final iron content by calculation from 

original composition and change in weight 725% 72:-5% 


From these figures it will be seen that a scale approximating 
to the composition FeO reacts with a scale of the composition 
Fe,O, until eventually both scales have the same composition. 
The loss in weight of one scale (high in oxygen) corresponds 
with the gain in weight of the other (poor in oxygen). The final 
composition, calculated on the assumption that the change in 
weight is due to the passage of oxygen from one scale to the other, 
corresponds very well with the final composition by analysis. 

The reaction had proceeded just over half-way after 20 hr., 
and was practically complete after 68 hr. This appears to indi- 
cate that the reaction is a very slow one. It must be borne in 
mind, however, that in the furnace the two samples of scale were 
separated by a distance of about 3 in., and that the oxygen 


er 
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evolved by the dissociation of the one scale had to diffuse through 
this distance in a nitrogen atmosphere before it could combine with 
the other scale. The reaction would obviously be much faster if 
the diffusion path were shorter, and, indeed, this was found to 
be the case. It is probable that, were the two scales actually in 
contact, the reaction would be very rapid. 


No. 2.—Scales Heated at 950° C. for 96 hr. in Nitrogen. 


Seale A. - Seale B. 
Original iron content : s : 76-95% 70-05% 
Original weight é : : : ¢ 13-2336 grm. 1-5246 grm. 
Weight after 96 hr. heating A : : 13-3642 ,, E39 ieee. 
Changein weight . : 3 A - +0-1306 ,, —— Qi 2 750s, 
Final iron content by analysis . 3 : 76-25% 76-40% 
Final iron content by calculation A : 76-20% 76-50% 


In this case also the reaction proceeded until both scales had 
the same composition, but the use of a large proportion of the iron- 
rich scale A led to equilibrium at a much higher iron content. 

These two examples are sufficient to indicate what has been 
definitely proved by a large number of experiments not recorded— 
namely, that when the average iron contents of the two samples of 
scale are in excess of 72 per cent., exchange of oxygen continues until 
both samples have the same analysis. 


No. 3.—Scales Heated at 950° C. in Nitrogen. 


Scale A. Scale B. 

Original iron content : : < 2 76-03% 70-05% 
Original weight : Sree: : 2-6114 grm. 14-2363 grm. 
Weight after first heating of 41 hr. 227159), 14131295, 
Change during first heating 3 ; +0:1045 ,, —0-1051 ,, 
Weight after second heating of 48 hr. DA OSi ss IWEGIIORS 55 
Change during second heating : + 0:0249 ,, — 0:0209 ,, 
Weight after third heating of 48 hr. PoP aes 5. 14-1070 ,, 
Change during third heating : + 0-:0045 ,, =O O0sduuss 
Weight after fourth heating of 48 hr. . QA anes 14-1041 ,, 
Change during fourth heating ; . +0-0021 ,, — 0:0029 ,, 
Total change in weight during 185 hr. at 

950° C. 2 : ‘ : . +0-1360 ,, Ola 2eees 
Final iron content by analysis ; : 71:9% 70-60% 
Final iron content by calculation A - 72-15% 70-65% 


From this experiment it will be seen that when a relatively 
large proportion of the oxygen-rich scale 1s employed, the reaction 
proceeds rapidly at first, but ceases before the two scales reach 
the same composition. From this experiment it appears that 
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scale containing 72 per cent. of iron is in equilibrium with any 
scale of lower iron content. Several further examples of this 


Gt 


incomplete ”’ reaction follow. 


No. 4.—Large Amount of Low-Iron Scale and Small Amount of Medium-Iron 
Scale Heated for 96 hr. at 1000° C. in vacuo. 


Scale A. Scale B. 
Original iron content ; E : : 72-06% 70-20% 
Original weight . : : 1-7339 grm. 12-2072 grm. 
Weight after 96 hr. heating 3 : : 1-7348 ,, 12-2022 ,, 
Change i in weight . { 3 . +0-0009 ,, — 0:0050 ,, 
Final iron content by-analysis . F F 71-96% 70:26% 
Final iron content by calculation : : 72-06% 70-40% 


These figures show that, m spite of the higher temperature 
and the heating im vacuo instead of in nitrogen, there is still no 
reaction between scale containing 72 per cent. of iron and scale 
richer in oxygen. 


No. 5.—Large Amount of Low-Iron Scale Heated with Small Amount of 
High-Iron Scale for 23 hr. at 1200° C. in vacuo. 


Scale A. Scale B. 
Original iron content = - > 3 ii -0% 70-00% 
Original weight F 5 5 % 1-5011 grm. 16-0806 grm. 
Weight after 3 hr. heating ; ; : T-G0OSuess 15-9725 ,, 
Change in weight . - +0:1042 ,, —0:1081 ,, 
Weight after second period of 20 hr. heating 1-6090 ,, 15-9683 ,, 
Change i in weight during second heating . + 00-0037 ,, — 00-0042 ,, 
Final iron content by analysis . ‘ ; 71-94% 70-58% 
Final iron content by calculation : : TO, 70-55% 


A stall higher temperature was employed to determine if there 
were any difference in the equilibrium position at different tem- 
peratures. The high-iron scale was oxidised again to 72 per cent. 
of iron, the great majority of the change occurring during the 
first 3 hr. 

_ From these experimental results it follows that there must 
be a continuous series of solid solutions from 72 per cent. of 
iron and 28 per cent. of oxygen to ferrous oxide (77-78 per cent. 
of iron and 22-27 per cent. of oxygen). That this must be 
the case is readily demonstrated, for if it be assumed that no 
intermediate phase between Fe,0, and FeO can exist, then inter- 
mediate compositions must consist of mechanical mixtures of 
Fe,0O, and FeO. The dissociation pressure of a mixture of the 
two oxides would be that of the higher oxide, Fe,O,4, and if the 
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oxygen pressure were less than the dissociation pressure of Fe,Q,. 
the latter would be unstable, and the reaction 8FeO + O = Fe,0, 
could not occur. Oxygen, therefore, could not pass from one 
scale to the other if both were at the same temperature and 
pressure. Tor the reactions to occur the dissociation pressure 
over the composition range in question must vary continuously, 
and this could only be the case if the range were occupied by 
a solid solution series. 

The fact that scale contaming 72 per cent. of iron will not 
react with scale of a lower iron content may be interpreted as being 
due to the presence of a second solid solution in oxide containing 
less than 72 per cent. of iron. Ferric oxide (69-94 per cent. of 
iron) crystallises in the hexagonal system, while magnetite and 
ferrous oxide crystallise in the cubic system. Sosman and 
Hostetter“ have deduced from their results that a continuous 
solid solution series exists from Fe,O; over to a point near Fe,O,, 
while the present work indicates a continuous solid solution series 
from FeO to a point beyond Fe,O,. It is safe to assume that the 
oxygen-rich solid solution is hexagonal, and the iron-rich solution 
cubic. There must be a range of composition over which both 
phases are present, and in this range the dissociation pressure will 
be constant. The experimental evidence set out in this paper 
indicates that the upper limit of the two-phase area is at 72 per 
cent. of iron, which is equivalent to 73-5 per cent. of Fe,O; and 
26-5 per cent. of FeO. Smits and Bijvoet ° have considered the 
system Fe,O,—Fe,0,, and find that, on theoretical grounds, it is 
improbable that the solid solution series is continuous. 

The Reactions between Scale and Iron—Experiments were 
carried out in two ways. First, an alumina-lined boat was filled 
with a weighed and analysed quantity of pure iron oxide (scale 
from electrolytic iron), and a weighed strip of electrolytic iron 
sheet was placed on the top of the scale. A prolonged heating of 
the charged boat in vacuo followed. Secondly, an alumina-lined 
silica boat was filled almost flush with the top with a weighed 
and analysed quantity of pure scale, and a weighed piece of electro- 
lytic iron sheet was placed on the top of the boat so as to be very 
near to but not touching the scale. In this case also a prolonged 


heating in vacuo followed. 


In both cases the electrolytic iron was heated for several days 
1929—i. 2. 
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in vacuo before the experiment in order to remove all occluded 
gases. Great care was taken also to avoid the contamination of 
the vacuum by oxidising and reducing gases. 

T'wo examples are given, in both of which the heating was 
carried out at 1000° C. for five days. In the first example, the 
scale and iron were in contact, and in the second they were 
separated by a space of about 1 mm. In the first case, the scale 
was separated after the experiment into two layers, the upper 
portion, 4, which was in contact with the iron strip, and the lower 
half, B. Each portion was weighed and analysed, and the cleaned 
iron strip was also weighed. In the second case, the scale was 
weighed and analysed after heating, the scale which had formed 
on the iron was separated, weighed, and analysed, and the cleaned 
strip was weighed. 


Electrolytic Iron and Scale from Electrolytic Iron Heated in Contact 
for 120 hr. at 1000° C. 


Scale. Tron. 

Original iron content of scale 73-48% 
Original weight . . . 9:4576grm. Original weight . 6-4574 erm, 
Final weight of portion A . 6:-0315_ ,, Final weight . S81 OOmese 
Final weight of portion B . 5:0070 ,,  Decreasein weight . 1-5818 ,, 
Total weight after heating . 11-0385 _,, 
Increase in weight ‘ A 11-5809 ,, 
Final iron content of por- 

tion A . : > 5 BION 
Final iron content of por- 

tion B . ; ; = ISON 


The average iron content of the scale after the experiment was 
77:8 per cent., which is a close approach to the iron content of 
FeO (77-78 per cent. Ie).7® The increase in the iron content 
of the scale might have occurred in one or both of two ways. Iron 
from the strip might have dissolved in the scale, followed by the 
diffusion of the iron downwards through the scale, the process 
continuing until a homogeneous solid solution saturated with 
iron was produced. On the other hand, the increase might have 
resulted owing to the dissociation pressure of the scale being 
greater than that of the iron saturated with FeO; as a conse- 
quence, oxygen would pass from the scale particles into the furnace 
atmosphere, whence it would be withdrawn by the iron to form 
new scale having, of necessity, a higher iron content and lower 
dissociation pressure than that from which the oxygen was 
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derived. The experiment which follows indicates more definitely 
the mechanism in operation, for in this case, there being no 
contact between the scale and the iron, direct solution of the iron 
in the scale could not occur. 


Electrolytic Iron and Scale Heated out of Contact for 120 hr. at 1000° C. 


Scale. Tron. 
Originaliron content . 73-48% Original weight . - 6-5442 orm. 
Original weight . . 7-95386 grm. Weight of iron age new 
scale 5 = Wcthsey 5. 
Final weight . : yids Increase in weight . 0-3891 ,, 
Decrease in weight . 023882" 5 Final weight of cleaned : 
iron . ‘ 522033; 
Final iron content . SPL Decrease in weight of iron 1-3239 ,, 
Final iron content by cal- Weight of new scale on 
culation . 5 . 717:30% ironies : IhoWGIED) ap 
Iron content of new 7 noale 
oniron . ; 5 fst 


These figures show that, in spite of the lack of contact between 
the scale and iron, a reaction had occurred, the scale having 
suffered a loss in weight and the iron an equal gain in weight. 
It is clear that during the heating oxygen passed from the scale 
to the iron, as a result of which the scale contained a much higher 
percentage of iron after the experiment, and new scale was formed 
on the iron. It is of interest to note that the final analyses of the 
oxides in this experiment (77-24 and 77-28 per cent. of iron) are 
almost identical with those obtained in the previous experiment 
where the scale and iron were in contact. 

From these two experiments it follows that, whereas an 
increased iron concentration in scale may be possible by direct 
solution of iron, it certainly can occur without direct solution of 
iron in the scale. 

It is improbable that equilibrium conditions were completely 
attained in these two experiments. Longer periods of heating 
resulted in somewhat greater percentages of iron in the oxide, but 
serious difficulties were encountered when very long times of 
heating were attempted, and the results, being unreliable, are 
not included. 


Tue CAUSE oF THE LAYER FoRMATION IN SCALE Deposits. 


It is now possible to discuss with more certainty the cause 
of the three-layer formation in scale, and to review the suggested 
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mechanism of oxidation in the light of the preceding experimental 
results. 

Dealing first with the outside layer, the composition of which 
has been found to vary from 71-04 to 71-86 per cent. of iron, 
it is noteworthy that the analysis of this layer always shows 
an iron content lower than the lower limit found for the iron-rich 
solid solution (72-0 per cent. of iron). ‘This suggests at once that 
the outer layer is caused by the presence of the second phase— 
a suggestion which appears to fit in with the known facts. The 
layer increases in thickness as the oxidation is continued ; it 
also increases in thickness when the oxidising conditions are 
more severe, and disappears entirely when the atmosphere is only 
weakly oxidising. 

The molecules of which this layer is composed are ever 
changing, for iron is continually being brought to the surface by 
diffusion, thus tending to thicken the layer ; at the same time the 
thickening tends to reduce the rate at which oxygen reaches the 
inner part of the layer, and the inner portion, becoming enriched 
in iron, reverts to the cubic phase and joins layer 2. 

The experimental work so far carried out does not permit of 
a definite statement as to whether the division between layers 
1 and 2 is caused by the disappearance of the low-iron phase or 
by that of the high-iron phase. That it is one of the two is 
extremely probable, but an investigation with the aid of X-rays 
is certainly called for to settle this point. 

Considerable attention has already been directed to the 
division between layers 2 and 3. It has already been pointed 
out that the imner face of layer 2 corresponds both in position and 
in surface characteristics with the surface of the unoxidised iron. 
This is true, whatever the conditions of oxidation. 

When iron is oxidised, the scale grows both outwards and 
inwards from a position determined by the original dimensions 
of the iron. The scale found outside the original dimensions of 
the iron reaches its position by diffusion ; that found within the 
original dimensions of the iron remains there after formation only 
because if it diffused outwards contact would be lost between 
the outer scale layers and the core. . If this were to happen, no 
further supplies of iron could reach the outer layers until contact 
was made again. By expanding this point an explanation is 
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available why the innermost portion of the scale is so very porous 
in character. Itis suggested that the natural velocity of diffusion 
of the iron outwards through the scale is greater than the rate of 
oxidation of the iron core ; hence there is a tendency for contact 
to be lost between the scale and the core, and only just so much 
oxide remains in layer 8 as is necessary to maintain a diffu- 
sion column of sufficient cross-section to carry outwards the iron 
which is oxidised. These diffusive columns, built up of minute 
idiomorphic scale crystals and joining the core to the middle scale 
layer, must be pictured as ever changing, new columns growing 
from time to time like stalagmites from the core, accompanied 
by the absorption of other columns by the outer compact scale 
layers. 

It is now clear why the inner surface of the middle layer repro- 
duces the surface characteristics of the original iron, for it was 
formed at the very inception of oxidation, and the first formed 
scale would of necessity follow the surface inequalities of the iron. 
The surface characteristics of the iron are not visible on the outside 
surface of the middle layer, because the deposition of oxide on the 
outer surface gradually obliterates the markings. Similarly, no 
markings are visible on either surface of the outside layer. The 
outer surface of the innermost layer is too porous to show clearly 
defined details, although it was in contact with the inner surface 
of the middle layer on which the markings were most clearly 
defined. 

Reverting to the suggestion that the diffusion of iron outwards 
through the scale would, if possible, occur at a greater rate than 
the production of oxide at the core, several important points 
remain to be considered. If the rate of oxide production were 
the greater, there would be an accumulation of oxide at the core, 
which would exert a disrupting pressure on the outer layers of 
the core and cause a cracked and disintegrated scale deposit. 
If, on the other hand, diffusion outwards continued for a prolonged 
period, under some exceptional circumstances, at a greater rate 
than that at which oxide was produced, a hollow space would 
form between the scale and the inner core. It is difficult to see 
why the rate of diffusion should normally be exactly equal to the 
rate of oxide production except on the basis already suggested, 
that the rate of diffusion outwards is controlled by the cross- 
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section of the diffusive path, which in turn is determined by the 
rate of oxidation of the metallic core. It might be supposed that 
oxidation would cease if contact were lost between the core and 
the outer scale layers, for it is almost certain that the oxygen 
reaches the core by diffusion as one component of the solid solution 
of which the scale is composed. This, however, would not be the 
case, for although oxygen could no longer diffuse inwards in solu- 
tion it could still bridge the gap in the gaseous state, since the 
enclosing scale envelope would have an appreciable dissociation 
pressure. Thus, if contact were lost between scale and core 
it would be re-made after an interval owing to the expansion 
accompanying the slow accumulation of oxide at the core. It 1s, 
indeed, possible to conceive of diffusion of the iron outwards 
taking place intermittently, the innermost scale layer being 
rapidly removed by diffusion, followed by a period during which 
contact is again built up between the outer scale and the core— 
contact when completed being immediately followed by rapid 
diffusion and removal once again of the innermost layer. 

That these considerations approach the truth is indicated 
by the fact that a suitable adjustment of the conditions makes 
it possible to obtain both the disintegrated scales which might 
correspond with the case where the rate of oxidation exceeded 
the rate of diffusion, and the hollow seale corresponding with the 
reverse case. 

Disintegrated Scale-—Disintegrated scale may be produced by 
the presence of certain elements in the iron, or more conveniently 
by coating the iron with a thin layer of some compound of lead 
before the oxidation. A wash made from litharge and water is 
convenient. The litharge melts at about 877° C., so that a uniform 
thin coating remains on the iron when it has been heated above 
this temperature. ‘Three pieces of severely oxidised $ in. diam. 
iron are shown in plan and elevation in Fig. 8, A, B, and C 
(Plate LVIII.). Pieces A and C had received the lead wash, while 
B had not. The three pieces were oxidised under identical 
conditions for 96 hr. at 1000° C. The piece B had the character- 
istic smooth scale surface with the ends well rounded, but the 
scale on A and C was severely cracked and disintegrated, par- 
ticularly at the ends. The dimensions of the unoxidised cores 
showed that the lead had not caused any important increase in 
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the rate of oxidation, the smaller diameter of the oxidised piece B 
being due to the more compact nature of its scale. It is con- 
sidered that the swollen nature of the scale on pieces A and C 
was due to the lead in the scale having caused a decrease in the 
rate of diffusion of the iron outwards, so that oxide, accumulat- 
ing at the core, forced outwards the already formed scale, with a 
consequent cracking of the non-plastic deposit. 

Hollow Scale or Loose Core T'ype.—In Fig. 4 (Plate LVIIL.) is 
shown an example of this type of deposit. Three pieces of 4 in. 
diam. iron were placed in a fireclay boat at an angle of about 30° 
to the horizontal, and were oxidised in air for three days at a 
good red heat. (The temperature was not measured.) The three 
pieces, two with the scale intact, are shown in elevation at A, 
while the three iron cores removed from the scale shells are 
shown in corresponding positions at B. At C a section through 
the scale with the core still in place is shown, and at D a scale 
shell is shown together with the corresponding metallic core. 
Finally, one of the pieces with the scale broken away to expose 
the core is shown in plan at LH. 

The iron cores had a diameter of 0-42 in., and the inside 
diameter of the scale was 0-48 in., so that the clearance between 
the cores and the scale shells was 0-03 in. The shell of scale 
consisted of one layer only, with a columnar fracture clearly 
visible in Fig. 4, C and D, suggesting oxide crystals growing at 
right angles to the surface and passing right through the deposit. 
The cross-section of the scale tubes showed porous spots like 
blowholes, which were accompanied by protuberances on the out- 
side surface ; this feature is also prominent in Fig. 4, C and D. 
The average analysis of the scale showed 73-95 per cent. of iron. 
The iron cores had a thin coating of scale about 0-005 in. thick 
in contact with them, which may be seen partly broken away in 
Fig. 4, B. 

The above specimens were produced accidentally under rather 
doubtful conditions, particularly as regards temperature, and 
efforts have been made to reproduce the structure under exact 
conditions. Several other examples of this type of scaling have 
been obtained, but none exhibiting so great a clearance as that 


shown in Fig. 4, and it is not yet possible to make a very definite 


statement as to the best conditions of development. 
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The composition of the iron is important, electrolytic iron 
giving the hollow scale under widely varying conditions (time, 
temperature, and atmosphere), and much more frequently than 
any other form of iron.* The presence of gas in the electrolytic 
iron does not appear to be a factor of importance. Experiments 
carried out with decarburised steel, oxidised first just below Ac, 


and followed by a short heating just over Acs, have given interest- . 


ing results, leading to the suggestion that the sudden contraction 
of the core on passing through the change point breaks the contact 
between scale and core, causing a decrease in the rate of oxidation, 
but no decrease in the rate of diffusion. 

Some evidence has also been obtained showing that the hollow 
deposit has only a temporary existence, the annular space being 
filled again with scale if oxidation is continued. 

It is regretted that the explanation of this very remarkable 
structure must be left for the present without any very definite 
proof. The diffusion explanation does, however, appear to fit in 
with such facts as are at present known very much better than 
explanations based on the complicated properties of unknown 
iron-bearing vapours. It may be added that the change in density 
during the oxidation of FeO into Fe,O, would not produce an 
expansion sufficient to give the clearance between the scale and 
core shown in Fig. 4. 


THe ENVELOPMENT oF FoREIGN PARTICLES BY 
PROGRESSIVE OXIDATION. 


In this section important experimental results are described 
which throw light on the manner in which scale deposits are built 
up by progressive oxidation. It had frequently been noticed 
that small particles of foreign matter (such as pieces of muffle) 
falling on the surface of oxidising iron were gradually buried. 
The scale grew up round these particles until they finally dis- 
appeared beneath the surface, but they could afterwards be found 
by breaking up the layer of scale. From such observations it 
was deduced that if the iron were coated with some porous but 

* See Pilling and Bedworth (4) (loc. cit., p. 566). 

+ FeO (77-73 per cent. Fe): density from lattice, 5:9; actual determination 
in scale containing 75-8 per cent. iron, 5-56. Fe,O, (69-94 per cent. Fe) : density 


from lattice, 5-25; actual determination in scale of corresponding composition, 
5-25. 
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non-reactive substance the scale would pass between the particles, 
finally burying them but leaving their position unchanged. 

If it could be shown beyond all doubt that the particles 
remained unmoved and were buried beneath a layer of scale and 
at the same time separated from the iron core by a layer of scale, 
it would be complete proof that the mechanism of oxidation was 
not a simple forcing away of the scale already produced by the 
expansion accompanying the formation of further scale. 

A suitable substance for coating or painting the iron was 
found in a distemper of green chromium oxide and water. After 
painting the iron with this substance and then subjecting it to 
prolonged oxidation, the scale was separated into layers. In 
this experiment four layers were obtained, the innermost being 
divided into two portions. The samples were analysed for 
chromium, and the results obtained in two separate experiments 
were as follows : 


Chromium. 
A imate Di ti ; r 
Number of Layer. Be or Layein eos paper ele ne 

fae Coat of | Coat of 
Cr,03. Cr,03. 

% % 
1. Outside layer . 6 . | 0-65 to 0:60 0-032 0-077 
2. Middle layer c 5 - | 0-60 ;, 0°50 0-030 0-960 
A. Outer portion . | 0:50,, 0-40 0-230 0-650 
3. Inner layer |p" Toner portion . | 0-40 0-35 (core)| 0-037 | 0-073 


The results indicate very clearly that the chromium oxide 
coating did not remain on the surface but became buried beneath 
the scale. The probability is that the chromium coating lay 
between layers 2 and 34, that is, as a tube 0-5 in. in diam., which 
was the original size of the iron. In one of the experiments the 
chromium layer was included in the layer 84, and in the other 
in the layer 2. The small amounts of chromium found in the 
other layers may be accounted for by contamination of one layer 
with another during separation. 

Microscopic examination of the scale deposits in cross-section 
revealed a dull black discontinuous ring approximately in the 
centre of the ring of scale, and since this dull band was never 
present unless painting had been resorted to, it may be taken as 
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confirming the position of the Cr,O, as determined by the analytical 
results. 

As there is the possibility that the chromium oxide paint 
behaved ag something more than a perforated septum through 
which the scale passed, the experiment was repeated using nickel 
oxide as the paint. ‘The results were as follows : 


Dimensions of Layer. Nickel. 

Layer No. In. % 
In Outside. 6 ° - 0:62 to 0:57 Trace 
2. Middle 6 5 ‘ LO Ol seo) 0-48 
3A. Inner 3 6 b - 9°50 4, 0°47 7-08 
3B. Innermost F : . 0-47 ,, 0-43 Trace 


In this case not only were the analytical results most con- 
clusive, but the examination of the scale deposit showed a layer 
of metallic nickel within the scale. The nickel deposit was between 
the layers 2 and 34, and hence occupied the position in which it 
was originally placed. The nickel layer was not continuous, but, 
like the chromium oxide layer, consisted of small pieces such as 
might result if the original paint had disintegrated somewhat 
owing to contraction on heating. 

Sinular experiments to those just described have also been 
carried out under slightly different conditions. The iron was 
subjected to oxidation for a few days first, and the paint was 
then put on to the outside surface of the scale. . A second period 
of heating followed, during which further oxidation occurred. 
After the second oxidation the scale was separated into layers, 
and the latter were analysed. Results again showed that iron 
oxide passed through the paint layer, so that after prolonged 
oxidation the nickel or chromium was found as a layer deep-set 
in the scale deposit. 

These experiments show conclusively that as oxidation pro- 
ceeds the first formed scale is not forced outwards by the ex- 
pansion accompanying the formation of further scale, but that in 
some way the newly formed scale is deposited on the outside surface 
of the previously formed scale. 


THe OxIDATION oF ALLOY STEELS. 


A study of the scale layers produced when alloy steels are 
_ oxidised supplies invaluable information relating to the mechanism 
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of oxidation of ferrous metals in general, as well as throwing light 
on the problem of heat-resisting special steels. 

The time required to produce a given thickness of scale on the 
alloy steels is, in general, greater than for the carbon steels. In 
almost every case, however, the scale deposit consists of three 
separable layers. The outer layer is not nearly so readily separated 
from the middle layer as in the case of the carbon steels, but the 
innermost layer may in all cases be separated perfectly and with 
great ease from the middle layer. 

Steels of the following compositions have been studied : 


Period of 
Type of Steel. Oxidation. Analysis. 
Days. 
1. Nickel steel : 4 6 Ni 2:75, C 0:36, Mn 0-54, 
Si 0-21, S 0-039, P 0-031 
per cent. 
2. Nickel-iron alloy 13 Ni 36-0 per cent. 
3. Stainless steel F 6 Cr 12-23 per cent. 
4. Nickel-chromium steel 6 Cr 0:85, Ni 3:18, C 0:32 per 
cent. 
5. Tungsten steel 6 W 5-5, C 0:7 per cent. 
6. Vanadium steel . 7 V 0-27, C 0-56 per cent. 
7. Manganese steel . 4 Mn 3-07, C 0-9 per cent. 
8. Silicon steel 4 Si 2-02 per cent. 


Suitable pieces of these steels were heated in an electric 
muffle furnace at 1000° C. with free access of air for convenient 
lengths of time-to give heavy deposits of scale. In each case the 
scale was separated into three layers according to the natural 
laminations. Some contamination of the layers was inevitable, 
but this was not sufficiently serious in any experiment to make it 
difficult to draw definite conclusions as to the composition of the 
layers. The layers were analysed for the alloying element and 
for total iron. The results are collected in Table II. 

Tt will be seen that in all cases except that of manganese steel, 
the two outer scale layers contain only very small amounts of the 
alloying element as compared either with the original steel or with 
layer 3. Layer 8, on the other hand, contains about twice as 
much alloying element as the original steel. This point is brought 
out best in the column showing the ratio of iron to alloying element 
in the original steel and in the three corresponding layers of scale. 
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TaBLE IT.—Alloy Steels—Analyses of Scale Layers. 


Probable Proximate Analysis, 


Alloy Tron oe 
Material. Element. oa ‘on to R Oth 
% fe Alloy. | Gutie, BES Gonstiinents a 
% 3 % ‘O 
i=) 
Nickel steel. ane: ca! 
Original steel : 2:75 Ni | 96-06 35-0 dic ate opt 5 
Layer 1 : ; Nil 71-24 (o.) 99-5 | 1-2 Nil 100-7 
at ee : ; 0:16 Ni | 74:78 | 467-0 99-0 | 1-2] 0-16 Ni 100-2 
Se 8 7-07 Ni | 69-72 9-8 91:7 | 1-2 | 7-07 Ni 99-97 
Nickel-iron alloy. 
Original alloy . | 86-0 Ni | 64-0 1:78 ono os 250 
Layer 1 5 : 1-46 Ni | 69-64 47-7 97-4 1-46 Ni 98 -86 
2 : : 2-29 Ni | 68-44 29 -8 90-7 2-29 Ni 92 -99 
5 8 : . | 52-08 Ni | 39-14 0:75 | 51:5 52-08 Ni 103-58 | 
Stainless steel. 
Original steel 12-23 Cr 86-5 7-08 tio doe ne bpp 
Layer 1 0:-61Cr | 70-1 115-0 98-0 | 0-8 | 0-89 Cr,O, 99-69 | . 
yee 1:12Cr | 68-16 60-8 90:5 | 0-8 | 1-64 Cr,0, 92-94 | 
~ 8 23-32 Cr | 48-04 2:06 | 63-2 | 0-8 | 34-1 Cr,0, 98-1 
Nickel-chromium steel. 
«ot (3°18 Ni ; 29-8 | 
Original steel 10-85 crf 94-8 { 111-5 is 
‘ (9-48 Ni ; 148-0 ; 5 0-48 Ni) i | 
Layer 1 (0-14 Gr} | 7-9 | {505-0} | 99-2 |.1- | 19-20 Gr0,t | 100-78 | 
f 0-64 Ni) : (115-0 0:64 Ni : 
ee 10-18 Crt | 74° | larz-o }} 982) 29 | {0-96 cr03} 1009 
8:37 Ni 8-05 ; ; 8-37 Ni a 
Heyer 3 (1-80 Crt | 87-3 | { a7-4'}] 885] 1-9 | (5°93 cr,0,1| 100-5” 
Tungsten steel. 
Original steel 5:50 W | 92-7 16-9 O06 ae Bas 500 
Layer 1 0-67 W | 69-0 103-0 96:5 | 1-8] 0-85 WO, 99-15 
rite 5:55 W | 66:9 12-0 88-7] 1-8] 7-0 WO, 97-5 
3 9-67 W | 65-34 6:75 | 86-0 | 1-8 | 12:2 WO, 100-0 
Vanadium steel. | 
Original steel 0:27 V 98-5 365 -0 id aor Bae 
Layer | 0-08 V 69-92 | 873-0 | Insufficient vanadium present to | 
ee 0:16 V 72:92 | 455-0 allow reliable deductions | 
oe 0:40 V 75-92 | 190-0 
Manganese steel. | 
Original steel 3:07 Mn | 96-0 31-1 208 | 
Layer 1 1:53 Mn | 69-54 45-6 97-2 | 0-5 | 2:22 Mn,0O,| 99-92 | 
Ay wie 2-58 Mn | 72-70 28-4 96:47 0-5 | 3-74 Mn,O, | 100-64 | 
oS 2-50 Mn | 73-40 29 +4 96:6 | 0-5) 3-62Mn,0,| 99-72] 
0:71% mangancs? steel. P| 
Original steel 0-708 Mn| 99-2 140-0 | 
Layer 1 0-282 Mn] 71-3 | 253-0 
oP 2 0-673 Mn| 74-7 111-0 
pe 0-590 Mn| 75-6 128-0 
Silicon steel. 
Original steel 2-02 Si 97-6 48-3 S00 
Layer 1 “ : Trace 71-62 0 100-0 
mn : : op 74-3 (o-) 98) 5a |ivess “as 
aS é - | 4-38 Si 68 +32 15:6 SOROR mee. 9-39 SiO, 
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In the last column of the table is given the probable proximate 
analysis of the scale layers. This analysis is based on the 
assumption that the iron is present in the scale in the same 
state of oxidation as it would be in the equivalent layer of a 
pure iron scale. An allowance has been made for impurities such 
as manganese, silicon, &c., and the balance thus consists of the 
alloying element and/or its oxide. 

Before discussing the results in detail, attention must be drawn 
to the fact that measurements showed that, as in the cases of plain 
carbon steels and pure iron, the outside dimensions of the inner- 
most scale layer from alloy steels corresponded with the dimensions 
of the unoxidised steel. This point is of great importance in 
connection with the explanation of the mechanism of oxidation. 

(1) Nickel Steel—The results for nickel steel showed a complete 
absence of nickel in the outer layer, which formed about one- 
seventh of the whole scale deposit. The middle layer cortained 
little more than traces of nickel, and formed over one-half of the 
total scale. The innermost layer contained 24 times as much 
nickel as the original steel, or, expressed as an iron to nickel ratio, 
84 times as much nickel as the original steel. 

Under the microscope the cross-section of the scale showed very 
important differences from scale derived from iron or from plain 
carbon steels. First, the inner layer contained minute metallic 
particles embedded in the oxide. Secondly, intercrystalline pene- 
tration into the metallic core was more pronounced. Thirdly, 
beyond the range of intererystalline oxidation of the core an altered 
zone could be seen in the metal. In this zone an enormous 
number of extremely minute specks, probably of iron oxide, could 
be seen. 

(2) Nickel-Iron Alloy—Comparatively small amounts of nickel 
were found in the two outer layers, but a remarkable enrichment 
of nickel was found in the innermost layer. The nickel was in the 
metallic form, possibly containing small amounts of metallic iron 
in solution. Under the microscope the oxide in layer 3 appeared 
in a vermicular form leading from the unaltered core outwards. 
The layer was so rich in metallic nickel as to be almost malleable, 
and could be removed from the unaltered core only with difficulty. 
Intercrystalline penetration was marked, as was also the altered 
zone referred to in the 2-75 per cent. nickel steel. 
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(3) Stainless Steel—Relative to the iron content, the inner 
scale layer contained 84 times as much chromium as the original 
steel, while the two outer layers contained only a fraction of it. 
The chromium was present in the scale as oxide, giving to the 
innermost layer a greenish tinge and making solution of this layer 
for analysis possible only with the aid of a sodium peroxide fusion. 

(4) Nickel-Chromium Steel—The two outer layers contained 
less than one-tenth of the nickel and chromium present in the 
innermost layer, while the latter contained, relative to the iron, 
three times as much nickel and chromium as the original steel. 
It is of interest to note that the ratio of nickel to chromium in the 
original steel and the three scale layers was not constant; the 
ratios were: original steel, 3-74; layer 1, 8-4; layer 2, 3-6; 
layer 8, 4:65. This showed that the presence of small quantities 
of nickel and chromium in the outer scale layers was not due 
simply to contamination with layer 8 during separation. 

(5) Tungsten Steel—Whereas little tungsten was present in 
the outer layer, there were considerable amounts in the middle 
layer. The concentration of tungsten in the innermost layer was 
only about twice that in the original steel. It is considered that 
the results with tungsten steel differed from those obtained with 
nickel and chromium, owing probably to the high vapour pressure 
of tungsten oxide. During the experiment some tungsten oxide 
was volatilised, and condensed in the cooler parts of the furnace. 
The uneven distribution of the tungsten in the three scale layers 
cannot be explained simply on the grounds of loss by volatilisation 
from the outer layers, for there was very much more tungsten in 
the innermost layer than in the original steel. 

(6) Vanadium Steel.—The results for vanadium were somewhat 
similar to those for tungsten. The quantity of vanadium present 
was small, consequently the analytical results were rather un- 
reliable, but qualitatively they show a concentration of vanadium 
in the inner scale layer, and small amounts only in the two outer 
layers. 

(7) Manganese Steel—The results obtained with the 8 per 
cent. manganese steel were exceptional. In the outer layer the 
manganese to iron ratio was about two-thirds of that in the 
original steel, while in the middle and innermost layers the ratio 
was a little greater than that in the original steel. It is remark- 
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able, however, that rather more manganese was present in the 
middle layer than in the innermost layer, this being the opposite 
to what was obtained in every other case. The results were con- 
firmed by the manganese distribution in the scale layers produced 
on a mild steel containing 0-71 per cent. of manganese, the 
figures for which are also given in Table II. These results are 
particularly important in view of the presence of manganese in 
all steels, and the influence which manganese is considered by 
some steel makers to have on the melting point of the scale and 
the burning of ingots in the soaking pits. 

(8) Silicon Steel—Silica was completely absent in the two outer 
layers, the whole of the silica formed by the oxidation of the 
silicon in the steel being concentrated in the innermost. layer, 
where, relative to the iron, it was present in an amount three 
times that in the original steel. No doubt the silica in the inner- 
most layer was combined with some ferrous oxide as ferrous 
silicate, so that the layer consisted of a mechanical mixture of 
iron oxide and ferrous silicate. ‘The layer was grey in colour. 


Consideration of Results. 


The irregular distribution of the alloying elements in the scale 
layers from alloy steels cannot be explained purely on the basis 
of differential oxidation, for the segregation and concentration 
occurred both in cases where the alloying element had a greater 
affinity (e.g. chromium) and a lesser affinity (e.g. nickel) for 
oxygen than the iron. 

The segregation in the scale deposits would be impossible if 
the scale already formed were forced outwards by the formation 
of more scale. Considering the case of a chromium steel on this 
basis, if both chromium and iron were converted into oxide at 
the same time, the chromium oxide would remain disseminated 
through the scale, and if the mixed oxide were forced bodily 
outwards by further oxidation the chromium and iron would 
be present in a constant proportion throughout the specimens. 
Similarly in the case of a nickel steel, the nickel would remain 
disseminated through the scale in a finely divided metallic form, 
and would also be present throughout the specimen in a constant 
proportion relative to the iron. 
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The results can only be explained by supposing that the iron 
is removed from the zone of active oxidation and deposited free 
from other elements on the outside surface of the specimen. 

Stead ® has drawn attention to the structure of nickel steel 
scale. He noted the presence of metallic particles in the inner 
scale layer on a 25 per cent. nickel steel, and assumed that the 
outer layer was free from metallic particles, not because nickel 
was absent, but because the outer layer, being the first to form, 
was oxidised under more intense conditions and hence oxidised 
as a whole. He states: “It is certain that when the oxidation 
is intense the metal is oxidised as a whole—a condition obtaimimg 
when the seale is thin. . . .” 

His explanation of the mechanism of oxidation in the case of 
nickel steel is not satisfactory in view of the fact that nickel is 
absent from the outer layers of scale. It may be of interest to 
record that nickel oxide cannot exist in equilibrium with iron oxide 
containing more iron than 72 per cent. (that is, in equilibrium 
with the iron-rich solid solution described above, p. 518). In- 
teresting results are obtaimed if a boat containing nickel oxide 
(NiO) be placed in a furnace together with a second boat contain- 
ing crushed iron scale and the two heated im vacuo or in nitrogen. 
The scale absorbs oxygen from the nickel oxide until either the 
scale contains 28 per cent. of oxygen or until the whole of the nickel 
oxide is reduced to metal. The reaction is very rapid above 
900° C. Nickel oxide is, of course, reduced to metal if it is heated 
in an oxygen-free atmosphere in the presence of iron, there being 
no need for the nickel oxide and the iron to be in contact. These 
reactions are due to the dissociation pressure of nickel oxide being 
greater than that of the iron-rich iron-oxygen solid solution. It 
will be seen, therefore, that nickel could only exist as oxide in 
that portion of the scale which contains less than 72 per cent. of 
iron—that is, in the surface layer which forms about 10 per cent. 
of the whole deposit. Actually, as has just been shown, nickel 
is not present in this layer in any form. 

A simple explanation of what occurs when alloy steels are 
oxidised is available if the principle of diffusion in the scale be 
accepted. When an alloy steel is oxidised, a layer of scale is 
formed, the oxygen content of which varies from outside to inside, 
being greater at the outside. Solution of iron in the scale occurs 
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with the aid of oxygen, and diffusion of the iron outwards pro- 
ceeds, while the oxygen gradient is maintained by the oxidation 
of the scale at the surface. The alloying elements are very nearly 
insoluble in the iron-oxygen solution, or if appreciably soluble 
can diffuse only at a very low rate. Consequently, while iron 
passes outwards rapidly, the alloying element cither remains in 
the position which it occupied in the original steel or else moves 
outwards only very slowly. In certain cases thig explanation 
requires expansion, notably in the cases of nickel and manganese. 

When a nickel steel is first subjected to oxidation a thin layer 
of scale, consisting probably of both nickel oxide and iron oxide, 
is formed. During the oxidation the nickel-bearing portion is 
gradually buried beneath a continually thickening deposit of com- 
pact iron oxide, and as this layer becomes thicker it becomes 
richer in iron at its inner surface, where it is in contact with the 
nickel-bearing layer, and has as a consequence a lower dissociation 
pressure. As soon as the iron oxide in the vicinity of the nickel 
oxide contains more than 72 per cent. of iron the nickel oxide 
is reduced to the metal, and thereafter all nickel in the scale is 
in the metallic form. Oxidation of the iron proceeds along the 
crystal boundaries, which, in metals, are invariably less resistant 
to corrosion than the remainder. During the oxidation of nickel 
steels this effect becomes accentuated by the fact that oxidation 
of the crystals is delayed by the concentration of nickel at the 
scale-metal interface as a result of the withdrawal of iron. For 
oxidation to proceed, iron must diffuse outwards through the 
nickel-rich surface layer. Thus, while oxidation of the exposed 
surface of the crystals is delayed, the oxidation proceeds rapidly 
along the boundaries, owing partly to their natural susceptibility 
to oxidation and partly to the fact that at the extreme points of 
intercrystalline penetration a plentiful supply of iron is available 
without the occurrence of much diffusion. In this way the metallic 
crystals are separated from one another to a considerable depth 
by films of oxide. These crystals are then oxidised independently, 
the iron as it joims the scale being carried away by diffusion to 
the scale-air interface. Iron diffuses from the inner portion of 
each crystal of metal through the nickel-rich surface, while nickel 
diffuses inwards towards the centre of the crystal, with a tendency 
to keep the nickel concentration constant. Finally, each crystal 
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is converted into a grain of metallic nickel which occupies a 
position corresponding with that of the crystal from which it 
was derived. The nickel grains remain in the metallic form until 
the whole of the iron in the specimen has been oxidised. There 
can be little doubt that the exceptional heat resistance conferred 
upon iron by the presence of nickel is largely due to the necessity 
for interdiffusion of nickel and iron before oxidation can proceed. 

Turning now to the case of manganese steel, the large amount 
of manganese present in the middle layer is explicable on the 
assumption that manganese oxide is readily soluble in the iron- 
rich iron-oxygen solid solution, but very much less soluble in the 
oxygen-rich solid solution of which the outer layer is largely or 
wholly composed. The distribution of manganese in the three 
layers would then be dependent on the partition coefficient. 
The presence of small amounts of nickel and chromium, and con- 
siderable amounts of tungsten and vanadium in the two outer 
layers of the corresponding scale, is readily accounted for on the 
same assumption—namely, a degree of solubility of the metals 
or their oxides in the iron-oxygen solid solution resulting in 
a distribution in the three layers in accordance with the corre- 
sponding partition coefficients. Silicon appears to be the only 
element which is totally msoluble in the scale, and hence entirely 
confined to the innermost layer, although nickel is very nearly in 
the same class. 

In a number of cases a balance-sheet was prepared to show 
what became of the alloying element during the oxidation. An 
example is given for a 2-75 per cent. nickel steel. 


Before Oxidation, — 
55-15 grm. of steel at 2-75% = 1-518 grm. nickel. 


After Oxidation. 
phxee it s : - 5-90 grm. at 0-:00% = 0-000 germ. nickel 
a ee ; 5 6 ADO a, WONG, = (peta) f 
Ge 1B. Le é 6 IPB i WOU, SSUES a 
Unoxidised core . 22 See 215 °hi==10 609m 4 


Total weight of nickel = 1-523 grm. 


It is evident that there was no concentration of metallic nickel 
in the unoxidised core. Similar calculations for chromium and 
manganese led to similar results. 
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There remains one further point for consideration—that is, 
the inner altered zone mentioned in the case of nickel steel, but 
found to be present in nearly all the alloy steel cores. The general 
appearance of the zone has been illustrated in another paper °” 
(Joc. cit., Fig. 5). Under high magnifications the crystals in the 
altered zone are seen to have large numbers of small dark globules 
dispersed through them, the distribution of which does not appear 
to have been influenced at all by the crystal boundaries. This 
structure is common to iron and all ferrous alloys which have 
been oxidised slowly. It is readily produced by heating pure iron 
in contact with iron oxide in vacuo, and is, therefore, considered 
to be due to the absorption of oxygen by the metal, followed by 
the deposition of insoluble iron oxide. The structure is seldom 
seen in iron or in straight carbon steels, because complete oxida- 
tion generally proceeds at a faster rate than oxygen absorption 
by the metal. It is generally to be found in alloy steels, because 
such steels oxidise comparatively slowly. 

The presence of the altered surface has a serious embrittling 
effect. -in. soft steel bars after a few hours’ exposure at high 
temperatures to a slightly oxidising atmosphere are sometimes 
unable to withstand bending through 90° over a 1-in. radius 
without fracture, and bars which had become so brittle that 
they broke into pieces when dropped on a stone floor have been 
met with. The embrittlement is by no means so pronounced 
when the oxidising conditions are more severe. 


CRYSTALLINE SCALE Deposits. 


Up to the present the discussion has centred round the scale 
deposits formed by oxidation in free air, the deposits under these 
conditions consisting of three layers. By progressively decreasing 
the oxygen pressure below that in the atmosphere (152 mm.), the 
outer scale layer becomes thinner and thinner in proportion to 
the total scale thickness, until at a certain critical pressure it is 
no longer present, and the scale deposit consists of two layers 
only. The disappearance of the outer layer is accompanied by 
a remarkable change in the appearance of the surface of the scale. 
The black velvet-like and almost structureless surface is replaced 
by a strikingly beautiful crystallime appearance ; the surface is” 
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no longer smooth, but is made up of crystal facets, causing a 
very marked relief. The crystals may be very minute or may be 
as much as +} in. across, while twin-like markings may often 
be seen. Fig. 5 (Plate LIX.) shows an example of the crystalline 
scale surface. 

It is not suggested that the scale deposits produced in free air 
are not crystalline ; on the contrary, it is quite certain that they 
are, but there is no possibility of confusing such scales with 
the very obviously crystalline deposits which are referred to here 
as ‘‘ crystalline scales.” 

One of the most convenient ways of oxidismg iron under 
reduced oxygen pressure is to carry out the oxidation in a stream 
of air moving at a carefully controlled rate. The oxidation of 
the iron depletes the atmosphere of oxygen, so lowering the partial 
pressure, and if the conditions are suitable, crystalline scale will 
result. A large number of experiments have been carried out 
to determine the types of structure which may be produced by 
varying the rate of air supply and the temperature. 

The available supply being limited, only a few experiments 
were made with cold-rolled electrolytic iron; the remainder 
were carried out with a decarburised steel containing Mn 0-7, 
51 0-006, 8 0-028, and P 0-016 per cent. It was found that the 
structure of the scale was (within wide limits) independent of the 
composition of the iron. The cold-rolled sheet—+} in. thick—was 
cut into pieces about # in. square, the surfaces being filed smooth 
and flat and finished on emery-cloth. A piece, the exact dimen- 
sions of which were known, was then placed in a slotted fireclay 
boat so that one surface made such an angle with the incoming 
air stream that the oxidation of the surface was uniform; there 
was then very little oxidation of the back surface. The angle was 
found by trial and error, and varied with the rate of air supply 
and with the temperature. With an incorrect setting the oxida- 
tion was uneven, the results could not easily be repeated, and 
definite conclusions could not be drawn. 

The furnace employed was an electrically heated silica tube 
of 14-in. bore. The boat and specimen were pushed into the hot 
furnace while a stream of nitrogen passed in the reverse direction. 
The end of the furnace was then closed by a bung and “ Arnold”’ 
bulb sulphuric acid seal, the nitrogen stream was cut off, and air 
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dried by sulphuric acid was passed into the furnace at a constant 
rate with the aid of two aspirators. At the conclusion of the 
experiment the boat was withdrawn and the specimen allowed to 
cool rapidly in air. The time of oxidation was varied from 4 days 
to 1 hr., according to the rate of air supply. 

Tt was found that the structure of the scale varied very much 
with the rate of oxidation, with the time of oxidation, and also 
with the temperature. It is difficult to describe these structures, 
but they fall naturally into four types, which are illustrated. 

In addition to the structural features characteristic of the four 
main types, other details may appear, such as the growth of 
pyramids and needles as projections from the crystal faces, and 
also the formation of depressions on the crystal faces, which may 
be described as negative crystals or etch pits. It must be pointed 
out that none of these scales was etched or treated in any way 
to develop the structure ; the micrographs show the scale exactly 
as 1t developed during the oxidation. 

Type 1. Low Relief; Irregular Orientation —The structure 
is illustrated in Fig. 7 (Plate LIX.) ; it shows crystal grains, each 
having a number of crystal faces exposed. In many crystals 
an appearance resembling twin bands may be seen, but it is due 
to striations on the crystal faces. All orientations appear to be 
represented. 

Type 1A. Low Relief ; Regular Orientation—This structure 
is illustrated in Fig. 8. There is a general appearance of striations 
in two directions at right angles. Actually the individual scale 
crystals are small, and have very nearly the same appearance as 
those of which type 1 is composed, but in type 1A these crystals 
all appear to have very nearly the same orientation. The reason 
for this will be discussed later. 

Type 2. High Relief—The structure is shown in Fig. 9 
(Plate LX.). The relief is very much greater than in types 1 
and 1A, due to the crystal faces having a different form. 

Type 3. Idiomorphic Crystals—The structure consists of 
almost perfectly developed crystals growing upwards from a lower 
layer of scale. These crystals may be broken away with ease, 
and on some crystals as many as eight faces may be seen under 
the binocular microscope. The structure may be produced either 
with the idiomorphic crystals oriented at random as in Fig. 10, 
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or with a regular orientation as in Fig. 11. The reason for the 
regularity of orientation in the latter case will also be discussed 
later. 

Type 4. Transition Stage to Smooth.—The idiomorphic type 4 
structure passes by stages (not illustrated) into the smooth scale 
surface characteristic of rapid oxidation. 

The scale structures so far described and illustrated are by 
no means the only ones which may be produced. Rates inter- 
mediate between those producing types 1 and 1A result in the 
growth of multitudes of fine needle-like prismatic crystals when 
the rate is nearer that producing the type 1, and large numbers 
of pyramids on square bases (the form is almost certainly [111] 
of the cubic system) when the rate is nearer that for type 1A. 
No satisfactory photograph of the needles could be obtained, but 
the growth of pyramids on a background of the type 1A structure 
is shown in Fig. 12. The black squares are the pyramids. 

Figs. 13 and 14 (Plate LXI1.) show the transition stage between 
types 1A and 2. In the corresponding specimens the rate of 
oxidation was faster at the top, so that type 2 was produced, 
and slower at the bottom, giving type 1A. Reference will be 
made later to the orientation of the scale crystals in the lower 
portions of these two illustrations. 

In Table III. details are given of the rate of oxidation pro- 
ducing the structures which have been described and illustrated ; 
figures are also given for the reduction in thickness of the speci- 
mens. ‘The figures for the volume of air per sq. cm. per hr. and 
the weight of oxygen per sq. cm. per hr. are calculated from the 
volume of air passed and the area of one face only of the specimen. 
The reduction in thickness was measured after removing the scale 
deposit and removing irregularities from the surface by judicious 
filing. ‘These figures give a measure of the actual amount of 
oxidation, as distinct from the amount of oxygen supplied. 

From Table III. the rates of oxidation for each type of struc- 
ture may readily be seen. ‘The critical rate of oxidation, below 
which crystalline scales are produced and above which smooth 
scales result, is 23-9 ¢.c. per sq. cm. per hr. The results given 
in this table only apply for the temperature stated, namely, 
930°C. At higher temperatures the critical rate is higher, and 
the dividing rates between the different types are higher also, 
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TasBLe III.—Ozidation of Decarburised Steel Sheet at 930° C. in 


a Controlled Air Stream. 


Volume Weight : 
NesetiPeriod ob) of Air, of G5, yj SHON | ay 
Ret og aca: ee a ue Thickness, | Mm. per ie Type of Structure. 
per hr per hr. Mm. 

1 46-0 2:2 0-6 0-087 0-0019 | 1) Low relief, irreeu- 

3 93-0 3-6 0:8 0-260 0-0028 | 1 } lar orientation. 

6 23-5 5-1 1-4 0-089 0-0038 | 1A, with needles 

© 47-0 6-6 9) 0-252 0-0054 | 1A, with pyramids 
14 23-0 8-3 2:3 0-184 0-008 | 1A) Low relief, regu- 
16 yA | 12-2 3°5 0-273 0-012 ve, lar orientation 
21 24-0 15:3 4:3 0-360 0-015 1A, passing to 2 
25 23-0 15:3 4-3 0-345 0-015 1A, passing to 2 
21A}| 46-0 18-2 5-2 0-782 0-017 | 2, High relief 
26 23-7 21-8 6-2 0-427 0-018 | 2, passing to 3 
as: 18-3 25-3 i -2 0-348 0-019 | 2, passing to 3 
32 23-0 22-2 6-3 0-391 0-017 | 3 Idi hi 
42 | 23-7 | 23-9 6-8 | 0-427 | 0-018 | 3} !diomorphic 
4] 24-0 23-8 6-8 0-427 0-018 | 4 T tj f 
30 | 24-0 | 25-8 PS MO ASG ire O 01ST Ao 
39 | 25-8 | 28-6 Bolg ag4? | 10-021 qed ae.) OnE te 
49 | 23-3 | 31-0 eS 0-513 (10-022 | 4) emo? 
5b 21-0 62-2 17-6 1-218 0-058 
59 1 2-3 143 -0 40-0 0-289 0-139 | smoot 3-layer type 
61 1-8 | 425-0 | 120-0 0-433 0-236 


and at lower temperatures the rates are lower. 


As examples, the 


critical rates for three other temperatures are given in Table IV. : 


TABLE IV.—Effect of Temperature on Critical Rate of Oxidation. 


- ; lume of Air. Werght of Reduction in 
No. of Test. Seg v ae = On. per Lae Meg ee eae Thickness. 
FLO : per hr. : per ee Mm. per hr. 
106B 800 23-0 16-1 4-56 0-011 
K 875 23-0 18:7 5-30 0-014 
42 930 23°7 23-9 6-80 0-018 
97H 1000 23-0 60:5 17-15 0-053 


Effect of Time of Oxidation.—Increasing the time of oxidation 
has an effect similar to, but not so marked as, an increase in the 
rate of oxidation. As oxidation proceeds at a certain rate the 
scale crystals pass from the low-relief to the high-relief types, 
and finally the crystalline structure is replaced by a smooth and 
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structureless surface. As will be seen from Table III., each type 
is produced over a considerable range of oxygen supply, and if 
the rate of oxidation be kept constant at a value corresponding 
to the centre of the range for one type it 1s necessary to continue 
the oxidation for several days before the resulting structure falls 
within the next higher type. Thus, while the results given in 
Table III. are only strictly true for times of the order of 24 hr., 
they are approximately correct for both much longer and much 
shorter times. 

The Relation between the Crystalline Character of the Scale and 
that of the Iron from which it 1s formed—tThe crystalline scale 
first produced on a polished iron specimen takes its crystalline 
form from the iron crystals from which it is produced. ‘The scale 
crystals correspond exactly in size, shape, and position with the 
ferrite crystals of the iron, and it is not unreasonable to suppose 
that they have also an orientation corresponding with that of 
the ferrite grains from which they formed. The first-formed 
scale crystals are, therefore, pseudomorphous * after the ferrite 
crystals. This relation is only true when the ferrite crystals are 
fairly small. When a very large ferrite crystal is oxidised, more 
than one scale crystal is formed on the surface, and this may be 
due to several simple causes, which need not be considered here 
in detail. 

Fig. 15 (Plate LXI.) shows the polished and etched surface of 
finely crystalline iron, the area having been marked for identifica- 
tion by means of scratches; Fig. 16 shows the same area after 
oxidation. The specimen was heated to 1000° C. in 1 hr., held 
at that temperature for 80 min., and cooled to about 200° C. in 
2hr.; the furnace atmosphere was CO, under reduced pressure. 
There can be no question that the scale crystals correspond with 
the ferrite crystals shown in the previous micrograph. The result 
confirms the observations of Carpenter and Elam,?” to which 
further reference will be made later. 

Similarity of Orrentation in Scale Crystals —It is now possible 
to explain the remarkable uniformity of orientation exhibited 
by the scale crystals in some cases. The iron used for these 


* The word is not intended to convey the idea that the oxide crystals exist in a 
form foreign to their nature, but that they are produced from the ferrite crystals 
without change in orientation. Neither “ isomorphous” nor “ parallel growth ” 
meet the case exactly, 
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5.—Crystalline scale. (Oblique Fic. 6.—Same area as Fig. 5 after 
illumination.) X 10. heating for 30 min. in air. (Oblique 
illumination.) X 10. 
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Fic.7.—Type 1. Lowrelief, irregular Fic. 8.—Type 1A. Low relief, regular 
orientation. (Oblique illumination.) orientation. (Oblique illumination.) 


x10. x 10. 


(The above micrographs were reduced to two-thirds linear in reproduction.) 


PLATE LX. 


Fic, 9.—Type 2. Highrelief. (Oblique Fic. 10.—Type 3. Idiomorphic, random 
illumination.) 10. orientation. (Oblique illumination.) 
X10, 


Fic. 11.—Type 3. Idiomorphic, regular FIG. 12.—Pyramids growing on the 
orientation. (Oblique illumination.) surface of Type 1A. (Slightly oblique 
x 10. illumination.) X10. 


(The above micrographs were reduced to two-thirds linear in reproduction.) 
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Fic. 13.—Transition from Types 1A FiG. 14.—Transition from Types 1A 


to 2. Direction of rolling vertical, to 2. Direction of rolling vertical, 
surface polished. (Oblique _ illu- surface filed at 45°. (Oblique illu- 
mination.) X10. mination.) X10. 
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Fic. 15.—Ferrite grains. (Vertical Fic. 16.—Scale crystals, same area as 
illumination.) 350. Fig. 15. (Oblique illumination.) 
X 350. 


(The above micrographs were reduced to two-thirds linear in reproduction.) 
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Fic. 17.—Crystal growth in scale. Pig. 18— Same area) as) Bisa li, 
2 periods = 4 hours. (Oblique illu- 5 periods=10 hours. (Oblique illu- 
mination.) X 10. mination.) X 10. 


Fic. 19.—Sameareaas Figs.17and18. Fic. 20.—Crystalline scale produced 
11 periods=22 hours. (Oblique by heating for 24 hours at 1000°C. 
illumination.) X10. in CO,. (Obliqueillumination.) x 10. 


(The above micrographs were reduced to two-thirds linear in reproduction.) 
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experiments was very severely cold-rolled, the rolling having been 
carried out always in the same direction. This treatment. is 
known to lead to the development of a similarity of orientation 
in the crystals, which, there is good reason to suppose, persisted 
after the recrystallisation occurring in this material at about 
500° C. Since the orientation of the scale crystals is determined 
by that of the iron, scale which begins to form before the critical 
temperature is passed will exhibit a similarity of orientation in the 
grains, while that which begins to form only after the a-y change 
has occurred will show no marked orientational similarity. 

In the determinations of the effect of rate of flow on the crystal 
structure, the hot furnace was filled with nitrogen before the 
specimen was introduced. Itis very possible, therefore, that when 
the rate of air supply was exceedingly slow (less than 5 ¢.¢. per hr.) 
the specimen had passed through the Acs point before oxidation 
commenced, and thus the scale crystals showed little or no 
similarity of orientation. When the air supply was more rapid, 
oxidation began before the similarity of orientation in the iron 
was destroyed, and as a consequence a similarity of orientation 
was manifest in the scale crystals. 

A second factor which shares in the determination of the 
orientation of the scale crystals is the nature of the preparation 
of the initial metallic surface. When the surface before oxidation 
had been polished carefully as for a metallographic specimen, and 
also when it was finished by filing or grinding in a direction 
parallel with, or at right angles to, the direction of rolling (see 
Fig. 8, Plate LIX.), any similarity of orientation developed in the 
scale crystals was made evident by striations at 45° to the direction 
of rolling. If, however, the specimen were finished by filing and 
grinding in a direction at 45° to the direction of rolling, the 
similarity of orientation in the scale crystals was made manifest 
by striations parallel with and at right angles to the direction of 
rolling. The differences between Figs. 18 and 14 (Plate LXI.) are 
entirely due to differences in surface finish ; both specimens were 
oxidised at the same rate for the same time, and were placed in 
the furnace in the same position relative to the direction of rolling, 
but whereas Fig. 18 represents a specimen finished by careful 
polishing, Fig. 14 represents a specimen finished by filing at 45° 
to the direction of rolling. The variation in the scale structure 
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in each micrograph is due to a lack of uniformity in the rate of 
oxidation, to which reference has already been made (see p. 584). 

It is possible that a third factor plays a part in producing 
a similarity of orientation in the scale crystals—namely, crystal 
growth in the scale ; this will be discussed next. 

Crystal Growth in Scale.—The size of the scale crystals increased 
with the time of oxidation. When the iron was finely erystal- 
line, the scale first formed was composed of very minute crystals, 
but after continuing the oxidation for a long time the crystals _ 
became very large—crystals of scale up to 4 in. in diam. were 
produced by continuing the oxidation for several days. 

Experiment showed very definitely that it was only the first 
film of scale which formed as a pseudomorph of the ferrite. 
Further oxidation resulted in the growth of some of the scale 
crystals at a faster rate than the others, so that eventually only 
a few survived on the surface, the remainder being buried by the 
larger ones. 

Micrographs of the same area illustrating this crystal growth 
are reproduced in Figs. 17 to 19 (Plate LXI1.). The specimen was 
heated under suitable conditions of slow oxidation for a series 
of two-hour periods at 1000° C., slow heating and slow cooling 
being necessary each time to avoid cracking and loosening the 
scale deposit. The slow cooling which was necessary had the 
disadvantage of producing a dulled surface on the crystals which 
detracted from their beauty. After each two-hour period a 
micrograph was taken (only three are reproduced). Fig. 17, 
taken after four hours, shows a finely crystalline structure with 
a few considerably larger crystals; the latter developed durmg 
the second period of heating. Fig. 18, taken after five periods, 
shows that further growth had occurred in the larger crystals 
which were visible in Fig. 17, while many other crystals had also 
grown; in particular, a large crystal may be seen at the top 
right-hand corner. Fig. 19 was taken after eleven periods; the 
crystals are now very large, and the structure bears no resemblance 
to that in the first illustration. Some difficulty may be found in 
tracing the relationship between Figs. 18 and 19. 

Conditions under which Crystalline Scale may be Produced. 
The only condition which must be satisfied in order to produce 
crystalline scale is that the rate of oxidation must be below a 
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certain critical value. There are many methods of satisfying 
this condition, some of which are set out below : 

(a) Iron may be heated in an atmosphere of pure oxygen at 
very low pressure. 

(b) Iron may be heated in a stream of CO, at atmospheric 
pressure. Fig. 20 shows the characteristic appearance of scale 
produced in this way. The stepped surface of the crystals is not 
common to all specimens oxidised in COg, nor is it obtained only 
by oxidation in that medium, but it is more easily produced in 
this way than by any other means. The scale contains about 
75-5 per cent. of iron, the percentage varying with the conditions. 

(c) Crystalline scale results when iron is heated in a slow 
stream of steam. The scale contains about 75 per cent. of iron, 
the value varying somewhat with the conditions. 

(d) If iron and iron oxide are heated in proximity either 
im vacuo or in an oxygen-free atmosphere, crystalline scale forms 
on the iron. The character of the scale deposit varies with the 
time and temperature as in all other cases, but it also varies with 
the quantity and composition of the iron oxide. The type is 
practically independent of the distance separating the iron from 
the oxide. At the high temperature the iron oxide dissociates, 
owing to the partial pressure of the oxygen in the furnace atmo- 
sphere being less than the dissociation pressure of the oxide. 
The oxygen in the atmosphere oxidises the iron ; the scale formed 
on the iron contains less oxygen than the oxide which is the 
source of the oxygen; the iron oxide continually becomes poorer 
in oxygen, and oxidation ceases when the oxide and the crystalline 
scale have the same composition. 

(e) Iron heated with nickel oxide in vacuo or in an oxygen-free 
atmosphere results in crystalline scale deposits. The nickel oxide 
dissociates thus: 2NiO = 2Ni-+0,. If sufficient time be 
allowed, the nickel oxide is completely reduced to metal, the 
oxygen forming with the iron a crystalline scale deposit. The 
reduction of NiO by iron has been demonstrated by Stead. 

(f) Iron heated with copper oxide wn vacuo or in an oxygen-free 
atmosphere results in the formation of crystalline scale. The 
changes taking place are similar to those occurring in the case 
of nickel oxide. ‘The results are complicated by the volatility of 
copper oxide, a deposit of metallic copper on the iron resulting 
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from the decomposition of the copper oxide vapour. ‘The 
reduction of copper oxide by metallic iron has also been 
demonstrated by Stead. 

(9) When iron is heated with copper in vacuo crystalline scale 
forms on the iron. This statement is only true when the copper 
contains oxygen in some form (as Cu,O, or as CO, and H,0, in 
solution in the copper or filling the blowholes). Copper which 
has been heated in hydrogen will not cause the oxidation of iron. 
It is difficult to say with certainty whether the oxygen present in 
the copper as copper oxide or that present as CO, and H,0 is the 
more important. Experiment shows that copper showing only 
very minute quantities of oxide under the microscope may have 
a powerful oxidising effect, and this makes it probable that it is 
CO, and steam evolved on heating in vacuo which supply the bulk 
of the oxygen. 

Carpenter and Hlam“” have described the formation of 
crystalline scale deposits on iron. ‘The specimens were prepared 
by heating iron and copper together im vacuo, and they attributed 
the scale formation to the oxidising gases evolved by the copper 
and the iron on heating. They found that ‘‘ The oxide of iron 
originally produced is isomorphous with a-iron, and the orienta- 
tion of the oxide produced on any given crystal of iron is deter- 
mined by the orientation of the a-iron itself.” Their work is 
fully confirmed by the present research, but it is now evident that 
the crystalline scale may be produced under widely varying condi- 
tions. The iron may have any composition ; pure electrolytic 
iron, high and low carbon steels, alloy steels, and cast iron all 
behave in the same way, provided the partial pressure of the 
oxygen is suited to the other experimental conditions. It is 
almost immaterial whether the oxygen be supplied as gaseous 
oxygen at a low pressure, as an oxygen and inert gas mixture, 
ag a reactive gas like CO, or as a compound, such as iron oxide, 
which gives off oxygen owing to dissociation. Above all, there 
is no indication that the presence of any elements other than iron 
and oxygen is necessary for the development of the remarkable 
structures in question. 

The Cause of Variations in the Type of Crystalline Scale.— 
Variations in the appearance of the scale are mainly dependent 
on the form of the crystal faces. There is good reason to suppose 
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that a solid solution series belonging to the cubic system exists 
at high temperatures over the composition range of crystalline 
scales. Many different forms belong to the cubic system, the 
commonest developed in magnetite being the cube, the octahedron, 
and the rhombododecahedron. It is often found that the forms 
which develop in a substance vary with the conditions (tempera- 
ture, pressure, &c.) under which the crystals grow. The crystalline 
scales included in Table III. were produced under conditions 
permitting two important variables: (a) the rate of crystal 
growth (rate of oxidation), and (b) the actual composition of 
the crystals. In Table V. a few results are given to indicate the 


TaBLeE V.—Effect of Rate of Oxidation on Composition of Crystalline 


Scale Layers. 
Temperature of oxidation, 930° C. 
Rate of Air | P 
pone oe aS ne aa Tiypeves Besicuate. 
em, per hr. 
| = fee 
3 3 93 76-5 1, Low relief, irregular orientation 
8 6 47 76-2 1A, Low relief, regular orientation 
38 20 21 76-2 2, High relief 
44 23 23 75-0 3, Idiomorphic 
51 32 22 74:3 4, Idiomorphic passing to smooth 
71-2) soutside layer 
oS oe aN 74°75 oe (middle layer 


relations between composition, rate of oxidation, and type of 
erystalline structure. It will be seen that there is a decrease 
in the iron content of the crystalline scale on passing from the 
lower to the higher rates of oxidation. 

Although the variations in composition are small, it must be 
remembered that a change in iron content of less than 8 per cent. 
covers the whole range from Fe,O, to FeO. It is reasonable, 
therefore, to ascribe the cause of the variation in the principal 
form of the crystals to variations in their composition rather 
than to variations in the rate of growth. 

Destruction of Orystalline Scale—It has already been stated 
that the formation of crystalline scales appears to coincide with 
the disappearance of the outside highly oxidised layer normally 
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present in scale deposits. If a specimen exhibiting crystalline 
scale be reheated under conditions of more rapid oxidation, the 
crystalline structure is gradually destroyed by the formation of 
a structureless surface deposit, which has the same characteristics 
as the outer layer of the three that form under normal conditions 
of rapid oxidation. 

Fig. 5 (Plate LIX.) shows an example of coarsely crystalline 
scale, to which reference has already been made. Fig. 6 shows 
the same area after the specimen had been reheated in a plentiful 
supply of air for 80 min.; it is readily recognisable as the same 
area as Fig. 5, but the finer details are now lost. More prolonged 
oxidation resulted finally in the complete disappearance of the 
large faceted crystals. 

It is of importance to decide whether the disappearance of 
the crystalline scale takes place as a result of the disintegration 
of the crystals, or as a result of the deposition of structureless 
material on the crystalline surface. In this connection the differ- 
ences which develop on heating in a plentiful supply of air two 
similar samples of scale, one attached to the iron core so that 
oxidation of the iron proceeds, and the other free from the iron 
backing, are noteworthy. In both cases the crystalline structure 
is marred by the oxidising effect of the air, but whereas the 
detached scale is marred only to a limited extent, insufficient to 
destroy entirely the coarsely crystalline appearance however long 
the oxidation is continued, the scale attached to the iron is rapidly 
converted into the smooth structureless form. It is clear, there- 
fore, that the disappearance of the crystalline structure is not a 
simple recrystallisation effect, such as might be anticipated from 
the fact that ferric oxide (the final product when any iron oxide 
is heated in air) is hexagonal, while magnetic and ferrous oxides 
are cubic. The detached scale is converted completely into ferric 
oxide by heating in air, and thus the crystals may be looked upon 
as pseudomorphs, the transition involving only a limited de- 
struction of the crystal facets. The scale attached to the iron 
is not converted into ferric oxide, the iron content being lowered 
only a little, owing mainly to a development of the new struc- 
tureless outer layer containing about 71-5 per cent. of iron. 
In Fig. 6 (Plate LIX.) small projecting needles may be seen, 
and a careful examination will reveal the same needles in Fig. 5. 
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These needles are not destroyed by the increased rate of oxidation, 
but as rapid oxidation proceeds they become more and more 
buried, until finally they disappear. It is clear that structureless 
oxide of iron is deposited on the surface, and is not produced 
solely by the disintegration of the surface layer. 


Explanation of the Formation of Crystalline Scale on the Basis 
of the Diffusion Hypothesis. 


How iron oxide crystals exhibiting plane faces can develop 
under the conditions of experiment requires an explanation. 
Idiomorphic iron oxide crystals are common in nature, but such 
crystals have been formed either by crystallisation from a rock 
magma or from aqueous solution. Idiomorphic crystals may also 
result by condensation from a vapour phase. 

It is abundantly clear that the large scale crystals in question 
are not pseudomorphs of the iron crystals, for such a suggestion 
is entirely at variance with the facts which have been recorded. 
In these experiments there was no liquid phase from which the 
crystals could have been deposited, and, in addition, the crystal- 
line structure was visible before the specimens cooled. It is 
exceedingly improbable that an iron-bearing vapour existed in 
all the experiments in a quantity sufficient to allow a plausible 
explanation of the phenomenon to be devised. Crystalline scale 
has been produced by heating together wm vacuo electrolytic iron 
and ferric oxide derived from electrolytic iron. No doubt, minute 
traces of carbon, silicon, manganese, sulphur, and phosphorus were 
present, and probably also minute quantities of residual gases, 
since the vacuum was only about 0-01 mm. But it is diffi- 
cult to see how even minute traces of iron-bearing vapour could be 
formed from these components at so low a temperature as 800° C. 
Even allowing the possibility of minute quantities of iron-bearing 
vapour, the difficulty of showing how the iron can distil from 
and condense upon one and the same point still remains. If the 
possibility of the diffusion of iron or iron oxide from the metallic 
core through the scale to the surface be admitted, a simple explana- 
tion of the development of crystalline scale is at once available. 

The scale deposit consists of a solid solution of ircn and 
oxygen, the solution extending over the range from 72-0 per cent. 
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of iron upwards to FeO. Iron is dissolved in this solution and 
diffuses outwards. 

Low-Oxygen Pressure—lf the oxygen pressure be sufficiently 
low, the solid solution will extend from the core to the scale 
surface, and the iron will diffuse outwards to the surface, where 
it will find a place in the crystalline structure in accordance with 
the forces there developed. 

It is possible that the scale crystals are anisotropic to diffusion, 
and a variation in the rate of diffusion with the orientation of the 
crystal may play a part in the development of the crystal facets, 
and may also cause some crystals to grow at a greater rate than 
others. It may be taken for granted that there are forces in 
existence at the surface of the crystals which will tend to cause 
atoms of iron or molecules of iron oxide arriving at that surface 
to take up such positions as will result in the development of plane 
faces. 

When oxidation first sets in, extremely thin pseudomorphs of 
the ferrite crystals are produced, but once this oxide film has 
been produced the metallic base plays no further part in the 
orientation, size, or shape of the oxide crystals, and acts simply 
as a source of iron. Even when oxidation occurs above 900° C., 
it is the ferrite crystals, and not the austenite crystals, which 
determine the initial orientation of the scale crystals, for the 
oxidation begins before the transition. It is possible that a 
different appearance would be obtained in the scale if oxidation 
were prevented until y-iron had formed, for then, no doubt, the 
first film of scale would take its orientation from the y crystals. 

As oxidation proceeds, some of the scale crystals grow more 
rapidly than others. This is due to their having a more favour- 
able setting with respect to the direction of most rapid diffusion. 
The more rapidly growing crystals envelop or “ pinch out”’ the 
slow-growing ones, so that after a short time there is no longer 
any resemblance between the scale structure and that of the 
original iron. The disappearance of the less favourably oriented 
scale crystals proceeds so long as oxidation is continued, so that 
eventually the survivors may be as much as } in. in diam. 

It is probable that the more rapidly growing crystals, besides 
enveloping the slow-growing ones, gradually absorb them, for the 
large crystals produced by prolonged oxidation and visible on 
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the surface pass almost through the scale layer; they do not 
reach the metal core, for they are always separated from it by 
the loose innermost layer, to which reference has already been 
made. 

High-Oxygen Pressure-——When the oxygen pressure at the 
surface is high there is no longer a continuous series of solid 
solutions of iron and oxygen from the core to the scale surface. 
The oxygen content of the surface scale is greater than the solu- 
bility m the cubic phase, and a second hexagonal phase appears. 
This second phase is also a solid solution, ranging in composition 
from Fe,O, to near Fe,O,. After diffusing outwards through the 
cubic and inner portion of the scale, the iron passes to the outer 
layer, which consists either of the hexagonal phase or of a mixture 
of the hexagonal and cubic phases. Owing either to the presence 
of two phases or to the specific properties of the hexagonal phase, 
the coarsely crystalline surface appearance does not develop in 
this highly oxidised layer. 


SuMMARY AND CONCLUSIONS. 


An explanation of the mechanism of the oxidation of iron 
and steel must deal satisfactorily with the four following points : 


1. The scale is normally smooth, compact, and free from cracks 
and fissures in spite of the oxidation involving an expansion of 
the order of 100 per cent. 

2. The scale consists normally of three very distinct layers, 
differing in appearance, structure, and composition. With a 
few exceptions, non-ferrous elements present in iron before the 
oxidation are concentrated in the innermost of the three layers 
of scale. 

3. Foreign substances placed on the surface of the iron are 
not forced away by the formation of the scale, but remain unmoved 
and become completely enveloped by the scale. 

4. When oxidation is slow the formation of large scale 
crystals exhibiting plain crystal faces occurs, the scale surface 
sometimes showing high relief. 


_ These experimental facts are incompatible with the commonly 


accepted view that the outside of the scale is that which formed 
1929—i. 2N 
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at the initiation of oxidation, further oxidation having displaced 
the first-formed scale bodily outwards. ‘This hypothesis must 
therefore be discarded. 

The facts indicate clearly that the outer part of the scale 
is the last to form, the middle portion being the first. Such a 
mechanism would be possible if a volatile compound of iron of 
transitory existence played a part. No such iron-bearing vapour 
is known, and the experimental conditions have in some cases 
been such as to prohibit the formation in appreciable quantity 
of any compounds other than those of iron and oxygen. 

The only remaining mechanism of oxidation consistent with 
the facts is that of counter-current diffusion—the iron diffusing 
outwards and the oxygen inwards through the scale deposit—and 
it is hoped that the evidence which has been brought forward 
here will be regarded as proving the diffusion hypothesis. It is 
not of essential importance whether the iron diffuses as iron 
atoms orin some otherform. It is difficult to picture the diffusion 
of iron combined with oxygen (as ferrous oxide, for example) in 
a solid solution of iron and oxygen, and consequently for the sake 
of simplicity the diffusion of iron atoms has been described. 
Reference has been made to the solution of iron in the scale. It 
is immaterial whether the iron be converted into ferrous oxide 
first and then dissolved in the scale, or whether the iron dissolves 
directly in the scale. The essential feature is that scale is 
normally unsaturated with iron, and that metallic iron will join 
such seale if the two are heated in contact. 

It is perhaps unwise to make speculative deductions until 
further experimental work has been carried out, but it does seem 
probable that useful results might be obtained by the study of 
heat-resisting steels along the lines indicated above. An attempt 
is being made to investigate the microstructures of scale deposits 
with a view to throwing further light on the problem of heat 
resistance. Considerable difficulties have been encountered in 
the preparation of suitable specimens, but interesting results have 
already been obtained. 


The author wishes to record his thanks to Professor C. A. 
Kdwards, D.Sc., for supplying facilities for the carrying out of 
the experimental work recorded in this paper. 
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DISCUSSION. 


Professor H. C. H. Carpenter, F.R.S. (Hon.-Treasurer), expressed 
his special interest in the way in which the author linked up the 
structures which Miss Elam and he (Professor Carpenter) had obtained 
and published before the Institute some seven years ago, and showed 
how they conformed to the graduated oxidation process which he 
described. As to the idea of the iron diffusing outwards, he thought 
the author was wise in leaving the question open whether it went as 
the metal or as an oxide, but something of that kind appeared to take 
place, and there was a counter-current movement of oxygen. That 
seemed a plausible and reasonable view to take of the process which 
fitted in with the facts. The greater resistance of alloy steels to 
oxidation also fitted in admirably with the view of the oxidation 
process put forward in the paper. He hoped the author would be able 
to do some X-ray work, which would no doubt throw some interesting 
light on the changes which took place. 


Mr. Untick R. Evans (Cambridge) said the author had put for- 
ward a new mechanism of oxidation, and had adduced very con- 
vincing evidence in its favour. If one compared that mechanism with 
the mechanism put forward by Pilling and Bedworth some years ago in 
their work on the oxidation of copper, at first sight they seemed to be 
two ways of describing the same process; Pilling said the oxygen 
moved relatively to the metal, while the author said the metal moved 
relatively to the oxygen. If one looked closely into the matter, how- 
ever, one found the two ideas were fundamentally different; it was 
not simply a question of choice of a frame of reference. That was best 
seen if one considered the case of a metal which was supposed to have 
only one oxide, whose theoretical composition, as given in the text- 
books, was MzOy, where M was the metal. According to the Pilling 
mechanism of diffusion, the oxide layer had the theoretical composition 
MO, at the inner face, and an excess of oxygen at the outer face ; 
with the Pfeil type of diffusion, it would have the theoretical com- 
position at the outer face, and excess of metal at the inner face. In 
both cases there was a composition gradient, and diffusion would occur 
in such a direction as to reduce the differences in composition. There 
could also be an intermediate case where the oxygen content was 
super-normal on the outside and sub-normal on the inside. 

Tt seemed to him that from the practical point of view there was 
a very important difference between the various cases. If one assumed 
that the oxide on the outside could not take up any excess oxygen 
beyond its “theoretical content,” then whatever the oxygen pressure 
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in the gases one could not get any increase in the composition 
gradient, and consequently the metal should oxidise at the same rate 
at all pressures. If, on the other hand, excess of oxygen could be 
taken up as the pressure increased, the gradient would increase with 
the pressure ; the velocity constant would therefore increase with the 
pressure, until sooner or later one began to get a second oxide phase, 
an occurrence which would “ fix” at a definite value the excess oxygen 
concentration at the outer surface of the first phase. At that pressure 
the gradient would cease to rise, and the effective velocity constant 
would no longer increase with the pressure. But, finally, as the effect 
of the second phase became more and more important, the influence 
of the oxygen pressure upon that second layer would be felt, and there 
would be a slow rise in the effective velocity again. If, therefore, the 
oxidation velocity constant were to be plotted against the pressure, 
the curve would rise steeply at low pressures, then become almost 
horizontal, and then gradually begin to rise again. 

That was just the sort of curve which Pilling and Bedworth found 
in the case of copper, and that agreement would seem to show that 
in the case of copper the mechanism of oxidation was not very different 
from that which those authors described, although probably some 
slight modification of their ideas was necessary. Dr. Pfeil, however, 
had made out a very good case for his own mechanism in the case of 
iron. The conclusion seemed to emerge that different mechanisms 
might operate in different materials, and therefore probably the 
materials which behaved best at comparatively low-oxygen pressures 
might not be the ones which would behave best at high-oxygen pres- 
sures. That, he thought, had some practical importance in view of 
the tendency in engineering and industry to utilise higher pressures, 
combined with high temperatures. 

He wished to say it was not oxygen concentration alone which was 
important in determining the rate of oxidation ; as Hatfield had shown 
very clearly, the presence of various impurities, and particularly 
sulphur dioxide, had great influence, possibly because in the presence 
of such substances the oxide was in part formed by complicated 
secondary reactions (for instance, by the decomposition of sulphates 
which had been formed temporarily), and so an oxide of quite a different 
character was obtained which would probably be very much more 
permeable. 

He would also like to draw attention to some recent work by 
Feitnecht on copper,? which had a considerable bearing on the 
subject and which was of particular interest if read in conjunction with 
Dr. Pfeil’s results. 


1 Journal of the Iron and Steel Institute, 1927, No. I. p. 483. 
2 Zeitschrift fiir Hlectrochemie, 1929, vol. xxxv. p. 142. 
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This paper was also discussed at the Additional Meeting held at 
Sheffield on May 15, 1929. 


Mr. G. W. Usnerwoop (Sheffield) said a lot of work had been done 
recently on the problem of the existence or otherwise of solid solution 
between magnetite and ferrous oxide. The method employed by the 
author appeared to ensure that equilibrium was attained between 
the two oxides. He was surprised to find the range of solid solution 
extended from ferrous oxide (77-7 per cent. Fe) to an oxide having the 
composition 89 per cent. Fe,O0, and 11 per cent. Fe,O, (72 per cent. 
Fe). The evidence at present in the literature on the relationship 
between magnetite and ferrous oxide was conflicting. For instance, 
Groebler and Oberhoffer! showed from the decomposition curves of 
ferric oxide by CO and CO, mixtures at various temperatures (750° 
to 1000° C.) that there was solid solution between Fe,0, and FeO. 
But when the various oxides formed by that method were examined 
by X-rays, they found that the X-ray evidence disproved the decom- 
position curve, and that Fe,0, could only dissolve 5 per cent. of FeO, 
and FeO could dissolve 39 per cent. of Fe,O,. Again, Wyckoff and 
Crittenden 2 had previously shown by X-ray evidence that no solid 
solution existed between Fe,0, and FeO, and they and McCance,*® by 
evidence obtained from microscopic examination of various oxides 
containing Fe,O, and FeO, found a eutectic between Fe,O, and FeO. 
One reason why the X-ray evidence failed to prove the existence of 
solid solution between Fe,0, and FeO was, it seemed to him, that 
unless the oxides used had been extremely slowly cooled a homogeneous 
structure would not be obtained, and, instead, zoned crystals of Fe,O, 
and FeO would be present, which would give rise to the results obtained 
by X-ray examination. To obtain homogeneous specimens of an 
antimony-bismuth alloy, which system formed a continuous series of 
solid solutions, it was well known that long periods of annealing or 
slow cooling (2 to 3 weeks) were required, otherwise the microstructure 
would show zoned crystals of antimony and bismuth. By microscopic 
examination of iron scales, having compositions lying between Fe,0, 
and FeO, he himself had found.zoned crystals of magnetite, the structure 
being developed by etching for 3 or 4 sec. with concentrated HCl. It 
would be interesting to see the results of an X-ray examination of the 
scales used by the author, in view of the fact that equilibrium appeared 
to have been obtained. 


Mr. T. G. Exxiot (Sheffield) was particularly interested in the effect 
of oxidation on the alloy steels. One got the notion, evidently wrongly, 
that an alloy steel, in which the chromium, nickel, and iron were in 
solid solution, would behave more or less homogeneously—that is, like 

1 Stahl und Hisen, 1927, vol. xlvii., Nov. 24, p. 1984. 


2 Journal of the American Chemical Society, 1925, vol. xlvii., July-Dec., p. 2876. 
5 Journal of the Iron and Steel Institute, 1918, No. I. p. 239. 
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a simple metal—and that if the surface were oxidised and the products 
of oxidation examined the iron, nickel, and chromium would be found 
in approximately the same relation as they originally existed in the 
steel. Dr. Pfeil had found that that was not the case, and that the 
different layers had each a separate composition ; from their composi- 
tions it was clear that oxidation of the metallic constituents of an alloy 
did not proceed at the same rate in each case. 

Recently, he had met with an instance in which the metallic 
constituents of an alloy of nichrome composition were differentially 
attacked by fused alkaline salts. The metal which had been in contact 
with the fused salts was afterwards analysed, when it was found that 
the nickel had increased from 58 to 82 per cent., the chromium had 
decreased from 12 to 1-5 per cent., and the iron from 26 to 11 per cent. 
Evidently the nickel had resisted attack, whereas the greater part of 
the chromium and much of the iron had been removed. It was inter- 
esting to find that the chromium and iron could be removed in that 
manner from the solid solution with nickel. 

Dr. Pfeil’s explanation of the mechanism of oxidation of iron and 
steel was very interesting, and though he (Mr. Elliot) found it difficult 
to visualise the iron diffusing outwards through the scale, yet that 
conclusion seemed warranted from the facts stated by Dr. Pfeil. 


The CuatrMaNn (Professor C. H. Desch, F.R.S.) remarked that the 
work, when carried forward, would lead to very important conclusions. 
He had no doubt that a full explanation of the effects had not been 
arrived at yet. The facts Dr. Pfeil had already established should 
throw an entirely new light on the process of oxidation at high tempera- 
tures. It might also have something to do with oxidation at somewhat 
lower temperatures. In the laboratory at Sheffield University they had 
lately investigated a process of oxidation of copper at atmospheric 
temperatures over rather a long period. The particular specimens 
examined had been corroding now for 5500 years—they came out of 
the excavations at Ur—and when those very ancient coppers were 
examined they were found to be coated with scale. As a rule there 
was very little metal left in the centre. Instead of the oxide changing 
gradually in properties from the outside to the inside it was always 
made up of layers, perfectly crystalline, but sharply marked off from 
one another. The phenomenon had seemed somewhat puzzling, but 
now that Dr. Pfeil had done that work on oxides he thought that his 
(Dr. Pfeil’s) results would help them to interpret even such a different 
phenomenon. 


if 
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Professor C. Beneprcxs (Hon. Vice-President) and Mr. H. Lorquist 
(Stockholm) wrote : Supposing the temperature-concentration diagram 


for a binary system AB to be known, it is easy to indicate the different 
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zones which will appear in a specimen, the composition of which is at 
the one end A and at the other end B, on account of the mutual 
diffusion of the elements, taking place at a temperature 7. A 
horizontal line corresponding to 7 at once shows the different layers 
which will appear. This may be said to be the principle for obtaming 
all intermediate phases in binary alloys introduced by Le Chatelier,* 
and named “ filiation ” by Le Gris.” 


1200 


pee 


Fig. A. 


An iron-oxygen binary diagram, of at least a qualitative character, 
has been worked out by the present writers *® (see Fig. A). The 
diagram shows that progressive oxidation at, say, 1000° C. gives rise 
to three different layers of oxide, corresponding to Fe,O3, Fe,0,, and 
FeO. The curves limiting these homogeneous regions, however, have 


1 Bulletin de la Société ? Encouragement pour V Industrie Nationale, 1900, vol. vi. 
p. 365; International Association for Testing Materials, New York Congress, 1912 
vol. ii., Part 2, No. 8, Il». : 

* Revue de Métallurgie, Mémoires, 1911, vol. viii. p. 613. 

‘ Zeitschrift des Vereines deutscher Ingeniewre, 1927, vol. lxxi. p. 1576; Inter- 
national Congress for Testing Materials, Amsterdam, 1927, p. 265, 
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only been computed. Hence, there is considerable interest in using 
the quantitative results obtained by the author to check the diagram. 

Experiment No. 1 (p. 510), at 950°C., was made on a_hetero- 
geneous mixture which contained ultimately 72-5 per cent. of iron. 
The diagram requires the formation of a single phase, Fe;0,, repre- 
sented by point 1 (see Fig. A). The experiment entirely verified this. 
Similarly, experiment No. 2 gave practically a homogeneous phase, 
with an iron content of 76-4 per cent. (point 2). This is slightly to 
the right of the homogeneous FeO region of the diagram, and indicates 
—as do some other observations by R. Schenck—that the boundary 
line OQ should actually be displaced to the right (as shown by the 
dotted line through 2). This result is supported by the experiments 
in Table V. The first value obtained, 76-5 per cent. of Fe, must 
approximate to the homogeneous FeO phase (saturated with oxygen) 
and has been indicated as point 7. 

The fact that the above experiments pertain to the homogeneous 
regions Fe,0, and FeO respectively, however, by no means justifies 
the conclusion drawn by the author that any oxide mixture, the aver- 
age iron content of which exceeds 72 per cent., will be homogeneous 
(p. 511). Quite a number of intermediate determinations would be 
necessary in order to support that conclusion; a region of immisci- 
bility between the FeO and the Fe,O, phases is actually demonstrated 
by the fact that a eutectic structure exists between them (compare 
point V ; Oberhoffer and d’Huart ; Wyckoff and Crittenden). 

Experiments 3, 4, 5 support the existence of the region of im- 
miscibility between the Fe,O, and the Fe,0, phases (see points 3, 3’; 
4,4’; 5, 5’); these observations are probably the first direct quanti- 
tative determinations made here. Only small adjustments of the 
curves V’ Zand XY, as assumed by the present writers, are necessary. 

A further check on the diagram might be obtained by means of 
the experiments on p. 515. An iron phase would be in equilibrium 
with an FeO phase containing 77-3 per cent. of Fe. This observation, 
plotted as point 6, does not fit in well with the diagram ; it ought to 
be situated on the curve PLY (here assumed to fall to the left of the 
exact FeO composition). The present writers do not consider it 
justified to change the situation of PLQ, as even an extremely slight 
oxygen leakage will deform the figure obtained in this case. As a 
matter of fact, the author guards himself against the accuracy of these 
observations. 

Regarding the dissociation pressure of a mixture of FeO and Fe,0,, 
the author expresses the opinion that the pressure would be that of 
the higher oxide, Fe,0, (p. 512). This assertion might easily give rise 
to a misunderstanding. As a matter of fact, when FeO and Fe,0, 
are in equilibrium, the common dissociation pressure is that of Fe,0,4 
saturated with won, being equal to that of FeO saturated with oxygen. 
Similarly, when Fe,O, is in equilibrium with FeO, the dissociation 
pressure is that of Fe,0; saturated with iron, identical with that of 
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Fe,0, saturated with oxygen. The fact that the oxygen pressure, 
consequently, varies discontinuously between Fe and Fe,O;—con- 
tinuous curves only existing for the homogeneous phases (Fe, FeO, 
Fe,0,4, Fe,0,)—in no way precludes the possibility of effective diffusion 
of oxygen or of iron, as might possibly be supposed. 

In the same way as the binary equilibrium diagram demonstrates 
the consecutive pure iron oxide layers formed, a ternary diagram, 
for, say, Fe-Mn—O, would show the different oxide phases and their 
compositions. 

The determinations of the distribution of an alloyed element, say 
Mn, are extremely interesting. Such determinations—when available 
in sufficient number—will constitute a practical means of establishing 
such diagrams. 

It must be recognised that the knowledge of the consecutive oxide 
layers formed does not necessarily imply a knowledge of the way in 
which the scale will split up mechanically. The observation made by 
the author regarding the appearance of three strictly different layers 
is interesting, but is not easy to explain even by means of the equili- 
brium diagram. . 

The mean composition of the three layers as given in Table I. have 
been marked in the diagram (lines I, II, III, Fig. A). As will be seen, 
layer I corresponds to Fe,O, plus a certain amount of Fe,0;. Layer II 
corresponds to the oxygen-saturated FeO phase (compare point 7), while 
layer II must be a mixture of this phase plus Fe,0,. Some un- 
published observations made by one of the present writers have given 
evidence of a dividing-up of the scale into two very distinct layers, 
separated by an empty space (which might be due partly to gas evolu- 
tion, and partly to the considerable volume increase of the oxide). 
Now, the inner layer adjacent to the iron core was found to be well 
crystallised, and was considered to be practically pure FeO saturated 
with Fe; this corresponds to the author’s layer III. Further, the 
outside compact layer was assumed to be essentially Fe,0, containing 
some free Fe,0;—that is, practically coinciding with layer I. If 
the empty space observed between the two layers mentioned were 
filled up with the FeO + Fe,0, phases, the occurrence of the three 
layers observed by Dr. Pfeil would be plain; the question is how this 
filling-up takes place. 

The very beautiful crystalline deposits obtained by the author at 
different rates of oxidation are assumed by him to be homogeneous. 
It is necessary to point out that from the external appearance it is 
very difficult to distinguish between crystals of FeO and crystals of 
Fe,0,, as both crystallise in the regular system. Consequently, it 
cannot be considered as proved that these crystals represent one 
homogeneous phase—entirely contrary to the diagram, which, as has 
now been shown, is well supported by the previous quantitative 
determinations by the author. 

The author is to be congratulated on taking up in such an original 
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way this matter of the mechanism of scale formation, and on having 
demonstrated that the scale formation implies a diffusion of iron as 
well as of oxygen—by far the most probable assumption—and not 
of oxygen alone, as seems to have been generally considered previously. 


Dr. J. M. Fercuson (Glengarnock) wrote: Contrary to the views 
expressed on p. 502, the paper is of considerable practical interest, 
because of the data given concerning the nature of the final products 
of iron and steel oxidation. Observations on the scales of commercial 
steels confirm the facts recorded with regard to their straticulate 
appearance under the microscope and general composition. 

Certain conclusions reached, however, warrant further considera- 
tion, because in the study of the complex reactions involved the nature 
of the initial mechanism of disintegration is of the utmost importance, 
and this may be obscured by intermediate reactions, which occur 
before the ultimate products are formed. 

Thus, on p. 505 it is stated that the composition of the deposits of 
scale layers on carbon steel is independent of the temperature and time 
of oxidation. In steel scales, Fe,O,, Fe,0,, and FeO exist in a state 
of intersolubility in the presence of carbon, and the composition of 
the first-named scale at a given temperature must depend upon the 
dissociation pressures of the respective oxides. Even at quite low 
temperatures (500° to 600° C.) the noticeably higher pressure of FeO, 
in presence of carbon indicates that the oxidation of carbon steel 
must differ in mechanism from that of pure iron, and the nature 
and composition of the resulting scales must depend upon the tem- 
perature of formation and the time-temperature gradient during 
cooling. This is verified in practice, as at comparable rolling tempera- 
tures scale from high-carbon steel ingots is detached as thin brittle 
flakes of lower Fe,O, content than scale from low-carbon steel which 
shows a lower fusion point and a tendency to stick to the rolls. 

On p. 508 reference is made to the possibility of the transfer of 
oxygen molecules to the iron/iron-oxide interface, consequently the 
diffusion hypothesis lacks definition with regard to the nature of the 
oxygen transfer. Further, any such hypothesis must also adequately 
explain the mechanism of oxidation at steel-making temperatures con- 
siderably in excess of those covered by the experimental data in 
the paper. Recent researches! have established that the solubility 
of oxygen in iron increases with a rise of temperature, so that the dis- 
solved oxygen must be present as a compound and not as a gas. 
The possibility of gaseous oxygen transfer at high temperatures could 
therefore be disregarded, with some gain in clarity. 

Table II. contains information of value, not only for the light 
thrown upon the problem of resistance of steels to heat, but also upon 


1 (0. H. Herty, jun., and J. M. Gaines, jun., “ Effect of Temperature on the 
Solubility of Iron Oxide in Iron,” American Institute of Mining and Metallurgicai 
Engineers, Technical Publication No. 88, 1928. 
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a subject not mentioned in the paper—namely, the influence of scale 
composition on the problem of the weldability of steels. In this latter 
connection a scale of low fusion point seems desirable. It is 
interesting to note that the chemical analyses of steel scales show that 
apparently maximum liquation among the constituents of the metal 
to the outside scale layers in steel ingots occurs in the case of the 
oxidation products of phosphorus. Further research on this matter 
along the lines of the present paper would be of practical interest. 


Dr. Prett replied that he was very pleased that Professor Carpenter 
had found the counter-current diffusion hypothesis acceptable on the 
evidence available. A great deal remained to be done before a com- 
plete understanding of the process of oxidation in iron and steel could 
be reached. A thorough investigation of the constitution of a section 
of the iron-oxygen system was. required, and he proposed to attack 
that problem with the aid of X-rays and by the microstructure. 
Investigations had already indicated that the system was complicated 
and that important changes in phase occurred on cooling. Preliminary 
work had shown that it was possible to retain the high-temperature 
phases by quenching, and that should supply a means of investigating 
the high-temperature constitution. 

He was grateful to Mr. Ulick Evans for his helpful contribution, 
but he found it difficult to follow Mr. Evans’ argument in connection 
with the “ theoretical composition ” of oxide layers. In all cases, the 
composition of the surface scale must tend to approach equilibrium 
with the oxygen pressure in the atmosphere, but always containing 
less oxygen than the “ equilibrium concentration,” while the oxide in 
contact with the metallic base must tend to approach equilibrium at 
the other extreme (oxide in equilibrium with metal), but always 
containing more oxygen than “equilibrium composition.” Clearly, 
the scale could in no place contain more oxygen than that required 
for equilibrium with the atmosphere. He thought it was probable 
that all metallic oxides formed solid solutions, although, no doubt, 
in some cases only over a very small range of composition. The 
oxygen concentration at the surface of the scale would then vary 
with the oxygen pressure in the atmosphere, and the rate of oxidation 
would vary accordingly. Thus, while the variation in the rate of 
oxidation with oxygen pressure might be too small for measurement 
in many cases, the principle would be common to all. It seemed to 
him that the only difference between the two cases cited by Mr. Evans 
was the choice of a standard for comparison. In the one case the 
equilibrium composition between oxide and metal was taken, and in 
the other the equilibrium between oxide and atmosphere. The vital 
difference between the mechanism for the oxidation of iron suggested 
by him (Dr. Pfeil), and that suggested by Pilling and Bedworth, was 
that, according to the former explanation, the scale expanded by the 
movement outwards of minute units (atoms or molecules), while 
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according to the latter explanation the scale was forced outwards 
bodily by the expansion. 

In reply to Mr. Usherwood, Dr. Pfeil stated that he attributed the 
conflicting evidence of X-ray workers on the iron-oxygen system 
largely to the effect of changes occurring in the system on cooling. 
The solubility of Fe,O,! in FeO increased rapidly with rise in tempera- 
ture, and Fe,0, was deposited again on cooling. In addition, certain 
other changes occurred in the solid state, the exact nature of which 
was still uncertain. The rate of cooling had an important influence 
on those changes, and various structures were to be obtained at the 
ordinary temperatures by variations in quenching temperature and 
quenching rate. He (Dr. Pfeil) was bound to admit that his conclusion 
regarding a continuous series of solid solutions from FeO to Fe,O, has 
not been strengthened by further investigation, and he now thought 
that it was extremely probable that an incorrect explanation of the 
reactions between scales of varying composition had. been given in 
the paper. In particular, the microscope showed beyond possibility 
of doubt that at least three phases, containing 70, 72, and 74 to 78 per 
cent. of iron respectively, could exist, both at ordinary and at higher 
temperatures. The argument used in the paper involved the assump- 
tion that only one phase existed between 70 and 72 per cent. of iron, 
in accordance with Sosman and Hostetter’s conclusions. The true 
explanation of the results of experiments 3, 4, and 5 (pp. 511 and 
512) therefore probably lay in the existence of two phases between the 
range of composition 72-70 per cent. of iron. Thus, when equilibrium 
was reached, the scale richer in iron consisted of the “ Fe,0,” phase 
saturated with oxygen, while the oxygen-rich scale consisted mainly 
of the oxygen-rich “‘ Fe,0,”’ phase saturated with iron, plus a small 
amount of the “ Fe,0,”’ phase saturated with oxygen. Some remarks 
on experiments 1 and 2 (pp. 510 and 511) were made below in reply 
to Professor Benedicks. 

Mr. Elliot appeared to have concluded that the varying composition 
of the scale layers indicated that the oxidation of the constituents in 
alloy steels proceeded at different rates. He (Dr. Pfeil) did not think 
that view was correct. It was true that nickel steels retained the 
nickel in the metallic form in the scale, but there was no concentration 
of nickel in the unoxidised steel core. Chromium and other elements 
with a greater affinity for oxygen than iron did not appear to oxidise 
at a greater rate than the iron. He held the view that the concentra- 
tion of certain elements in the innermost scale layer was due to segrega- 
tion after oxidation, not to preferential oxidation. The changes in 
composition of nichrome during heating in a salt bath were very 
interesting, but might be due to differential chemical solution and not 
be directly connected with the problem of oxidation. 

He was very interested to hear Professor Desch’s observations on 


1 The terms FeO, Fe,0,, and Fe,0, are used here to indicate solid solutions 
approximating in composition to these compounds. 
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the layer-like oxide deposit on copper. He had no real reason to 
expect the oxidation of other metals to proceed by the same mechanism 
as iron; it seemed possible that there might be several mechanisms of 
oxidation, but it was possible that the oxidation of copper and iron 
occurred by the same mechanism. 

He was extremely grateful for Professor Benedicks and Mr. Léf- 
quist’s very helpful contribution. He thought that their diagram was 
to a large extent correct. He thought, however, that the line OQ 
would have. to be displaced even more to the right than the dotted 
position (2, 7), so as to pass through a point near 1000° C., 75 per cent. 
Fe. He saw no reason why the point 7, representing the iron content 
of a scale produced under conditions of very low oxygen pressure, 
should consist of the FeO phase saturated with oxygen (Table V., 
specimen 3); it was much more probable that specimen 44 (Table V.), 
containing 75 per cent. of iron, consisted of the FeO phase nearly 
saturated with oxygen. 

Professor Benedicks’ criticism with regard to the conclusions drawn 
from the two experiments on pp. 510 and 511 was justified by the 
fact that further investigation seemed to confirm the existence of the 
break in the series found by some other workers. It was necessary to 
repeat, however, that several experiments were carried out in which 
equilibrium was reached at about 74 per cent. of iron in the two 
scales, indicating that the FeO solution extended to 74 per cent. of iron 
at 1000° C. 

Experimental investigation into the solubility of Fe in FeO was 
extremely difficult. Professor Benedicks suggested that the results ob- 
tained might be low, due to oxygen leakage, but he (Dr. Pfeil) thought 
that there was a greater likelihood of obtaining results which were too 
high. Results obtained by analysing scale which had been heated for 
prolonged periods in contact with iron im vacuo showed iron contents 
in the scale ranging from 77-3 to 89-3 per cent. The high results were 
definitely not due to the entrance of reducing gases during the experi- 
ments, since there was nolossin weight. The high iron scales contained 
metallic ifon in a form which could scarcely have been precipitated 
from solution on cooling, and which was not retained in solution by 


quenching. The high results were finally traced to the reduction of 


FeO by metallic iron. The apparent absurdity of this statement was 
removed when it was borne in mind that the dissociation pressure of 
FeO decreased with decrease in temperature, and hence, if the metallic 
iron were cooler than the FeO, the FeO might be reduced and the iron 
oxidised. It had been found that when the time of heating was very 
long (1 to 2 weeks) an extremely small temperature variation was 
sufficient to cause the oxygen exchange to proceed to an appreciable 
extent. When the most careful precautions were taken to avoid a tem- 
perature gradient in the working portion of the furnace, the highest, 
but not necessarily the most accurate, figure obtained in the scale 
after heating in contact with iron for 14 days in vacuo at 1000° C. was 
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78 per cent. of iron. That figure agreed well with Professor Benedicks’ 
diagram. i 

Professor Benedicks took exception to the statement on p. 515 that 
the dissociation pressure of a mechanical mixture of Fe,0, and FeO 
would be that of the higher oxide. It was important to point out that 
in the paper that statement was prefaced by the words “ If it be assumed 
that no intermediate phase between Fe,0, and FeO can exist”; in 
other words, if FeO and Fe,0, did not form solid solutions. He 
(Dr. Pfeil) agreed entirely with the statements Professor Benedicks 
made with regard to equilibrium between two solid solutions. 

Definite evidence of the relation between the three-layer formation 
in the scale and the three-phase constitution of the system was now 
available. The outer layer consisted of the two solid solutions 
“ FeO, ” and “ Fe,Q,.” The middle and innermost layers in pure iron- 
oxygen scales consisted of the “ FeO” solid solution, homogeneous at 
high temperatures and retained homogeneous by quenching, but 
splitting up into a duplex structure like that of 60: 40 brass on cool- 
ing. Thus, the division between the middle and innermost layers 
was mechanical and not chemical. Since the middle layer contained 
75-5 per cent. of iron, those facts might be taken as further evidence 
of the necessity for moving the line OQ farther to the right. 

Professor Benedicks referred to a very interesting case of a two-layer 
scale deposit, the two layers being separated by a space, and the 
inner layer showing a crystalline surface. He (Dr. Pfeil) had often met 
with similar examples when large, flat specimens were oxidised. The 
phenomenon was due to a loss of contact between scale and iron at a 
late stage in the oxidation. Ifa piece of Armcoiron, 6in. x 2in. x fin., 
were cleaned on one face by filing or grinding and then oxidised at 
1000° to 1050° C. in a muffle free from excessive draughts, oxidation 
proceeded normally for one to two days ; then the scale already formed 
rose gradually, due probably to expansion stresses, forming one large 
unbroken blister. Those two stages were illustrated in Figs. B and C 
(p. 559). Further oxidation of the iron could only occur by oxygen 
dissociating from the inner face of the scale. Thus, the iron was slowly 
oxidised under very low oxygen pressure, and crystalline scale was 
produced on the metal, as indicated in Fig. D. 

Polished and etched sections through crystalline scale deposits 
showed that in all cases they consisted of a single phase when quenched 
from the temperature at which they were produced, but that if slowly 
cooled they consisted of crystallites set in a ground-mass of a second 

hase. 
< He was gratified that Dr. Ferguson had found the paper of practical 
interest. He was very interested in Dr. Ferguson’s remarks on the 
varying behaviour of the scale during rolling, according to the carbon 
content of the steel. He (Dr. Pfeil) found that whatever the carbon 
content of the steel, the scale deposit had the three-layer character. 
It was possible that the outer layer, consisting of oxygen-rich phases, 
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decreased slightly in relative thickness with increase in the carbon 
content of the steel, but he had not detected that variation, nor had 
he found any variation in the analysis of the individual layers with 
different carbon contents. He thought it desirable to point out, how- 
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ever, that in most of his experiments oxidation had been allowed to 
proceed for several days before the separation and analysis of the 
scale layers. The rate of oxidation was slow when the protective scale 
deposit was thick, and when the rate of oxidation was slow decarburisa- 
tion proceeded more rapidly than the oxidation, so that in many 
instances the metal surface in contact with the scale was very low in 
carbon, although the centre of the metal was still high in carbon. 
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THE DIFFERENTIAL METHOD FOR MEASUR- 
ING THE THICKNESS OF HARD CASES 
WITHOUT SECTIONING THEM.* 


By EDWARD G. HERBERT, B.So., M.I.Muou.E., 
AND 
PAUL WHITAKER (MancuestEr). 


Tse problem of determining the thickness of the cage on case- 
hardened steel without cutting or breaking through it is one 
that has exercised many minds, and by some has been deemed 
insoluble. The most natural way of approach to this problem 
is through the hardness test, but any hardness test, depending, 
as most of them do, on penetration of the surface by an indentor, 
merely gives a false reading on case-hardened work—a reading, 
that is to say, which is liable to be influenced by three variables, 
namely, the hardness and the thickness of the cage, and the 
hardness of the core, but which fails to discriminate or to deter- 
mine any one of them. A low Brinell reading on case-hardened 
steel may denote a soft case or a thin case, or one which is both 
soft and thin, but the test is incapable of measuring either 
hardness or thickness. The essential difficulty of the problem 
arises from the existence of the above-mentioned three variables, 
and from the impossibility of determining more than one variable 
by a single measurement. 

The method to be described consists in making two different 
hardness tests, a primary test which measures only one variable, 
the hardness of the case, and a secondary test which measures 
the combined effect of two variables, hardness and thickness 
of case. The difference between the two hardness readings is 
a function of the second variable, thickness of case. The third 
variable, hardness of core, may, without serious error, be treated 
as a constant for any given variety of steel. 

The two hardness tests used in the differential method are the 
pendulum time test and the Brinell test. 

* Received January 3, 1929. 
1929—1i. 20 
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Primary Hardness Test.—The time test made with the Herbert 
pendulum hardness tester measures the surface hardness, and is 
unaffected by hardness below the surface. This arises from the 
fact that the 1-mm. steel ball used in the pendulum makes no 
permanent indentation in very hard steel, the time of swing by 
which the hardness is measured being a function of the radius 
of curvature of the elastic depression caused by the pressure 
of the ball, and in which the ball rolls. It is thus possible to 
measure hardness gradients by steps of 0-0005 in. or less by 
honing away the surface and making successive hardness tests. 


This method of measuring hardness gradients has been described — 


and illustrated.Y 

Experiments have shown that true hardness readings are 
obtained with the pendulum on hard steel plates of any thickness 
down to 0:1 mm. (0-004 in.), when the plates are supported on 
soft mild steel, and true readings would be obtained on even 
thinner hard layers if integral with the soft core, as im case- 
hardened steel. In testing commercially case-hardened steel it 
may therefore be taken as strictly accurate that the pendulum 
reading is unaffected by the thickness of the case. 

Secondary Hardness T'est.—The Brinell hardness number of a 
case-hardened specimen depends on the hardness and thickness 
of the case, and, especially if the case is very thin, on the hardness 
of the core. The effect of the Brinell test (10-mm. ball, 3000-kg. 
load) on steel having a case 0-5 mm. thick is shown in Fig. 4 
(Plate LXITII.). The case is pressed into the core, but it offers con- 
siderable resistance to penetration, the resulting hardness number 
being higher than that of the core by an amount which is nearly 
proportional to the thickness of the case. Annular cracks are 
usually found in the impression, but they do not seriously inter- 
fere with the measurement of its diameter. 

Fig. 5 is a section through a Brinell impression in steel which 
had been case-hardened to a depth of 1:3 mm. The case is 
pressed into the core to a slight degree and the surface is unbroken, 
but a conical fissure is created below the impression, and this 
opens when the load is removed, owing to the elastic recovery of 
the hard surface. 

A Brinell test on a still thicker case does not crack it, but the 
surface of the specimen is seen to be slightly concave around 
the impression, showing that there has been some yielding of the 
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core, and the hardness number is lower than it would have been 
if the steel had been hard throughout. 

Kixperiments were made with specimens of Ubas steel, which 
were carburised in boxes for various periods, quenched at 900° C. 
in cold water, reheated, and quenched at 780° C. The specimens 
were tested for hardness by the pendulum time test and by the 
Brinell test, the latter being made with a 10-mm. steel ball and 
a 3000-kg. load, and with a 5-mm. ball and a 750-kg. load. The 
specimens were sectioned by grinding, polished, and etched, 
and the thickness of case was measured under the microscope. 
The core hardness was measured by the Brinell method, and wags 
found to be 228. 

The pendulum tests were made with a 1-mm. steel ball in the 
4-ke. pendulum, and the time hardness numbers were converted 
into Brinell numbers by the formula, 


eal 0 


where B is the Brinell number and 7 the pendulum time hardness 
number. ‘The tests could equally well have been made with the 
1-mm. diamond in the pendulum, the conversion factor in that 
case being 18-5. 

The Brinell hardness number of each specimen was sub- 
tracted from the corresponding converted pendulum number ; 


the resulting differences are given in Tables I. and II., and are 


plotted against the thickness of case in Figs. 1 and 2. 


TaBLe 1.—Pendulum Time and Brinell Hardnesses. 
Brinell Test : 10-mm. ball, 3000-kg. load. 


Gpecmnen Ns, | ata ine | piel, | irony thlckng ot Oe 
9 706 277 429 0-127 
a 707 321 386 0:5 
5 708 364 344 0-55 
3 717 351 366 0:7 
1 736 515 221 1-0 
7 723 515 208 1:2 
6 697 495 202 1:3 
14 684 633 51 2-2 

8 663 666 0 2-4 
10 671 666 5 2-9 
13 626 627 0 3:0 
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TasLe IIl.—Pendulum Time and Brinell Hardnesses. 


Brinell Test : 5-mm. ball, 750-kg. load. 


Spaoimen No, | oe | a ee 
9 706 337 369 0-127 
4 707 513 194 0:5 
5 708 474. 234 0525 
3 rill 591 126 0-7 
1 736 699 37 1-0 
7 723 720 3 1-25 
8 663 667 0 2-4 
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THICKNESS OF CASE. Mm. 
Fig. 1.—Differentials and Thickness of Case. Primary test: 
Pendulum time hardness converted to Brinell. Second- 
ary test: Brinell hardness (10-mm. ball, 3000-kg. load). 
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A specimen with an infinitely thin case of hardness 700 Brinell 
would obviously give a Brinell reading equal to that of the core, 
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THICKNESS OF CASE.Mm 
Fie. 2.—Differentials and Thickness of Case. Primary 
test : Pendulum time hardness converted to Brinell 


hardness. Secondary test: Brinell hardness (5-mm. 
ball, 750-kg. load). 


228, since an infinitely thin case would not affect the Brinell test. 
Thus the point where the curves of differences in Figs. 1 and 2 
cut the axis of ordinates is 700 — 228 = 472. Starting from 
this point, the curve of differences is seen to be nearly a straight 
line, cutting the horizontal axis at a point corresponding to the 
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minimum thickness of case for zero difference between the two 
hardness readings. This thickness is 2:4 mm. when the Brinell 
test is made with a 10-mm. ball and 3000-kg. load, and 1-15 mm. 
with a 5-mm. ball and 750-kg. load. On thicker cases the re- 
spective Brinell tests gave the true hardness, and the difference 
between the converted pendulum and the Brinell readings was 
Zero. 

Thus the differential gives a clear and consistent indication 
of the thickness of the case. The secondary test with a 5-mm. 
ball is only capable of measuring case thicknesses up to 1-15 mm., 
but a zero differential indicates a case of not less than 1-15 mm., 
which would be sufficient for most commercial work. The 
5-mm. ball Brinell test will often be preferred, because the 
impression is small and does not seriously deface the work, 
while the range of thicknesses’ it is capable of measuring covers 
general commercial practice. The 10-mm. ball with 3000-ke. 
load can be used to measure thicker cases up to 2:4 mm., and 
still thicker cases can be measured by using a heavier load. 

Table III. gives thicknesses of case corresponding to various 


Tasie IIl.—Dvifferentials and Case Thicknesses. Ubas Steel. 


Thickness Differential. _ Thickness Differential. 
of Case. 107 — B, or 13-5D — B, of Case. 107 — B,or13-5D — B. 
Brinell, Brinell, Brinell, Brinell, 
In. 10-mm. ball, 5-mm, ball, | Mm. ins 10-mm, ball, 5-mm. ball, 
3000-kg. load. | 750-kg. load. 3000-kg. load. | 750-kg. load. 
0-1 | 0-004 450 390 1-4 | 0-055 174 0 
0-2 | 0-008 430 330 1-5 | 0-059 151 
0-3 | 0-012 407 288 1-6 | 0:063 133 
0-4 | 0-016 386 245 1-7 | 0-067 115 
0-5 | 0-020 364 200 1:8 | 0:071 96 
0-6 | 0-024 341 170 1-9 | 0-075 78 
0:7 | 0-028 321 135 2-0 | 0-079 59 
0-8 | 0-032 300 100 2-1 | 0-083 42 
0-9 | 0-035 276 65 2-2 | 0-086 26 
1-0 | 0-039 256 33 2-3 | 0-090 12 
1-1 | 0-043 237 10 2-4 | 0-094 0 
1:2 | 0-047 218 0 2-5 | 0-098 0 
1-3 | 0-051 195 0 


Se 


7 = pendulum time hardness number; 4-kg. pendulum, 1-mm. steel ball. 
D = diamond time hardness number; 4-kg. pendulum, 1-mm. diamond. 
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differentials for the two standard Brinell tests, and is applicable 
to a steel having a core hardness of 228 Brinell after quenching. 

A general expression for the differential method of case 
measurement applicable to steels which have different core 
hardnesses can be found by assuming a straight line for the 
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¥ia. 3.—Differentials and Thickness of Case. 


differential curve. In Fig. 3 let OA be the average difference 
between the true Brinell hardness of the case and of the core, 
OB the minimum case thickness for zero differential, and D 
any point on the differential curve corresponding to a case - 
thickness OC. 


Let C be the converted pendulum hardness of case = 107’, or 13-5D ; 
c the Brinell hardness of the core ; 
M the minimum case thickness for zero differential ; 
t the thickness of case corresponding to any point D; and 
d the corresponding differential value. 
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In the similar triangles AOB, DCB, 


OA CD 
ON5) ~ ONE 
C=c d 
TUE ae Mee, 
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Thickness of case, t = M @ — Z ) 
C—c 


It will be observed that this expression takes account of all 
three variables, case hardness, case thickness, and core hardness, 
and that it contains only one constant, M, which depends on 
the conditions of the Brinell test, and on the core hardness of 
the particular steel employed. The value of M for any given 
steel can be found by experiment. It is only necessary to make 
differential tests on cases of known thickness, and solve the 
equation for M, taking C — ¢ ag the average difference between 
case and core hardness in the correctly case-hardened steel. 

It may be asked whether the differential method can be used 
with any hardness tests other than the pendulum and Brinell. 

The pendulum hardness tester is, so far as the authors are 
aware, the only instrument capable of making measurements of 
surface hardness which are unaffected by the hardness below the 
surface, and it is therefore the only one available for the primary 
test, but the Brinell is not the only hardness test which gives 
false readings on case-hardened work ; indeed, it may be doubted 
whether there is any hardness tester other than the pendulum 
which does not comply with this essential condition for the 
secondary test. Penetration tests, such as the Vickers and the 
Rockwell, are affected by the thickness of the cage, and if used 
with sufficient load would presumably give useful indications of 
any thickness of case that is likely to be met with in practice. 

The only other necessary condition is that the secondary 
hardness test should give Brinell numbers, or numbers which can 
be converted to the Brinell or pendulum scale of hardness. The 
above formula will apply, if a suitable value is given to M. 

In applying the differential method to the measurement 
of case thickness, one element of uncertainty exists. A local 
thinness may have been caused by uneven heating during car- 
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burisation or by inadequate covering of some part of the work 
with carburising material. Local thinness may also be produced 
in the operation of grinding. Unless, therefore, some means can 
be employed for exploring the whole surface of the case-hardened 
article, local thinness of case may escape detection. The differ- 
ential method only gives the thickness at the spot or spots to 
which it is applied. 

This element of uncertainty is eliminated by the cloudburst 
hardness test.” 

The cloudburst test consists of the dropping of a very large 
quantity of hard steel balls from a known height. The height of 
fall is so chosen that steel of the desired degree of hardness when 
placed in the cloudburst machine is unmarked by the impact of 
the balls, but any areas of inferior hardness are revealed by their 
indented appearance. The cloudburst test complies with the 
conditions for the secondary hardness test in the differential 
method of measurement. It is affected not only by the hardness 
but also by the thickness of the case. For a given height of fall 
there is a minimum thickness of case below which the surface 
will be indented even though fully hardened. The cloudburst 
test detects not only soft spots, but also thin spots in case-hardened 
work. 

The general conditions for testing case-hardened work by the 
cloudburst method are: a fall of 2 m. with balls 8 mm. in diam. 
Surfaces of 700 Brinell and upwards are unmarked by this test, 
provided that the thickness of case is not less than 0:5 mm. 
Thinner cases are more or less indented according to their 
thinness. Fig. 6 (Plate LXIII.) shows two specimens of Ubas 
steel which had been case-hardened and tested by the cloudburst 
(3-mm. balls falling 2 m.). The specimen on the left has a case 
0-5 mm. thick of time hardness 70-7 (707 Brinell), and it is 
unmarked by the cloudburst ; that on the right is of practically 
the same superficial hardness, 70-6 (706 Brinell), but the thickness 
of the case is only 0-127 mm. (0-005 in.), and it is seen to be 
considerably indented by the cloudburst. 

The general procedure recommended for the inspection of 
case-hardened work is as follows: Cloudburst the whole surface 
with 8-mm. balls falling 2 m. If the case everywhere has a 
hardness of at least 700 Brinell and is not less than 0-5 mm. 
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(0-020 in.) in thickness, the surface will be unmarked, and no 
further test is required. 

If any indented areas appear, they are either thin, or soft, or 
both. Test such areas with the pendulum. If their time hardness 
is not much less than 70 (700 Brinell) the case is hard, but thin. 
The actual thickness of case is then measured by making a Brinell 
test, subtracting the Brinell number from the converted pendulum 
number, and referring to Table III. If the thickness of case is 
considered inadequate, the carburising process may be repeated. 

If the pendulum shows the indented area to have a low 
hardness value, measure the thickness of case by the differential 
method, and if the thickness is found to be adequate, requench 
the work. 

It is proposed to apply the differential method to the measure- 
ment of thickness of cases on nitrated steel and to the thickness 
of chromium plating; these further developments and the use 
of secondary hardness tests other than the Brinell are under 
investigation. 
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Fig. 4.—Brinell impression (10-mm. ball, 3000-kg. load) in case- 
hardened steel. Thickness of case 0.5 mm. x 10. 


Frc. 5.—Brinell impression (10-mm. ball, 3000-kg. load) in case- 
hardened steel. Thickness of case 1.3 mm. x 10. 


F1G. 6.—Case-hardened steel tested by Brinell and 
Cloudburst methods. Left, Case thickness 0.5mm. ; 


Right, case thickness 0.127 mm. 
[To face pb. 570. 
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DISCUSSION. 


Mr. Dartrey Lewis (Bridgeport, Conn., U.S.A.) said that case- 
hardening was a difficult commercial process that was hable to fluc- 
tuation and needed accurate control, and hence an easy method of 
measuring case depth was of great practical value. 

He had been associated with a firm which had been measuring 
case depth by measuring the magnetic properties of the case-hardened 
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Fria. A.—Relation between Case Depth and Magnetic Deflection. 


material; the method had been developed some years ago by A. V. 
de Forest in the United States. Ifa piece of wire that had been case- 
hardened—the core being, of course, of mild steel and the case fully- 
hardened quenched steel—were magnetised in a constant magnetic 
field the case would take up comparatively little magnetism, because 
it was extremely hard; on the other hand, the core would quite 
readily magnetise. Under constant conditions, therefore, the degree of 
magnetisation of such a section depended on the proportion of case 
to core. The apparatus used for applying that principle to measuring 
the case depth of carburised chains consisted of two magnetising coils, 
one for small sizes of chain, the other for large sizes. In the middle 
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was a scale, on which travelled a light spot reflected from a galvano- 
meter, according to the depth of the case on the chain. It had been 
found possible to set limits on the scale between which the deflection 
must rest in order to get satisfactory case depth. At the top was 
a telephone plug, which plugged into different holes according to the 
size of the chain that was being tested. That apparatus was capable 
of testing twenty different sizes and shapes of chain. An alternating 
magnetic field was used, and a simple alternating current bridge was 
arranged so that the galvanometer deflection depended on the number 
of lines of magnetic force passing through the testing coil. 

Fig. A showed the relationship between the deflection on the scale 
and the case depth. The relationship was very good, but was accurate 
only when the case was fully hardened. If the case were only partially 
quenched it became less accurate, but for commercial operation where 
the quenching was uniform and the carburising operation was subject 
to variation the magnetic method of testing was a very useful form of 
control. That machine had been used commercially for a number of 
years; at the present time it was testing as many as 4000 individual 
chains in 24 hr., and of course those chains were not destroyed. 


Mr. T. H. Turner (Birmingham) thought the authors’ method was 
ingenious, but he failed to see that it was safe to use the 10-mm. Brinell 
test, which would produce radiating cracks in a case-hardened sur- 
face. Those who had examined Brinell indentations in case-hardened 
material must have come across cracks of that sort, especially in etched 
samples; they would not wish them to be produced in the surfaces 
of many types of articles. 

Brearley had shown several photographs of cracks of that type, 
and had stated that a Brinell impression made in a hardened steel 
object was always a potential defect. 


Mr. Herpert, in reply, said he had not been aware of the method 
described by Mr. Lewis, but, while his own method would be quite 
inapplicable to thin wire or chain, he thought that described by Mr. 
Lewis would be equally inapplicable to such a thing as a big gear-wheel. 
Mr. Lewis’ method, however, was very ingenious, and the only thing 
he had against it was that it did not measure both hardness and depth. 
In investigating case-hardened work it was necessary to know both the 
hardness of the case and its depth. 

In reply to Mr. Turner, he said that he had applied his method to a 
great many case-hardened specimens, but had never met with the type 
of erack to which Mr. Turner had referred. In moderately thin speci- 
mens one got annular cracks, but he had never come across cracks 
radiating from a Brinell impression in case-hardened steel. 
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A METHOD FOR THE ESTIMATION OF 
HYDROGEN IN STEEL. 


By T. E. ROONEY, A.M.S.T., F.1.C., 
AND 
GUY BARR, B.A., D.Sc. 
(Nationat Paystcan LABORATORY). 


Tue usual method of estimating gases in metals is to heat the 
sample in a vacuum and absorb the gases or their combus- 
tion products in various reagents, as described by Jordan 
and Eekmann,? or else the total gas evolved is collected, and 
an analysis made to determine its constituents. These methods 
have usually been applied to metals containing a relatively small 
proportion of gas, and, possibly on account of the extreme difficulty 
of maintaining a high vacuum without leakage in a complicated 
piece of apparatus, very divergent results have been recorded 
from time to time. 

The estimation of hydrogen by measuring the volume would 
appear to be preferable to combustion with oxygen and weighing 
the water formed. Also, if the hydrogen is evolved by heating 
without the aid of a vacuum the method can be very much 
simplified. 

In the present case the problem was to determine whether 
a steel which had been in contact with hydrogen under pressure 
and at an elevated temperature for a considerable time contained 
any appreciable amount of hydrogen. 

Heyn,* using samples of mild steel which had been heated in 
hydrogen and quenched, determined the amount of hydrogen 
retained by the metal by heating it in a current of nitrogen and 
passing the gas through hot copper oxide, the water formed being 
collected in phosphorus pentoxide and weighed. He found that 
his determinations gave very little more than the blank test, 


1 Received February 19, 1929. 
2 U.S. Bureau of Standards Scientific Paper, No. 514, 1925. 
3 Metallographist, 1903, vol. vi. p. 39. 
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although the treatment in hydrogen had apparently caused 
brittleness in the steel, which was removed by subsequent heat- 
ing in nitrogen. He had, however, only treated his samples 
with hydrogen at atmospheric pressure and for a relatively short 
time. 

As it was probable that the samples at the disposal of the 
present authors would contain considerably more hydrogen, it 
was decided to adopt the method of heating the sample in a 
known volume of nitrogen and measuring the volume of hydrogen 
evolved by means of the Shakespear katharometer.t The circula- 
tion of a limited volume of nitrogen minimises the effects of any 
impurities present in the gas, such as oxygen, &c. 

The laboratory type of katharometer, in which two spirals of 
platinum wire are mounted in separate cells in a metal block, was 
used. Small brass tubes communicated with each cell, and one 
of these was connected to the apparatus, as indicated in Vig. 1. 
The other was connected to the pure nitrogen supply. The two 
spirals formed two arms of a Wheatstone bridge, which was 
completed by two manganin resistances. A constant working 
current of 0-12 amp. was used. A deflection type of galvano- 
meter, which gave zero deflection with the same gas in both cells, 
was employed in the bridge. Arrangements were made so that 
the same galvanometer could be used to measure the standard 
current. 

Descrvption of Apparatus —The apparatus is shown in Fig. 1. 
The heating tube 7’, of transparent silica, is 24 in. long and 1 in. 
in diam., closed at one end, and fitted at the open end with a 
glass cap C, the joint bemg sealed by means of a glass sleeve 
covered with vacuum wax. 

A transparent silica delivery tube projects through the cap 
and reaches nearly to the closed end of the tube 7’ containing 
the sample S. The other end of the delivery tube is fitted to 
a glass tube by means of a waxed joint W, and the glass tube is 
connected, by means of a ball-and-socket type of joint,? with the 
push valve A of a circulating pump. An outlet tube in the glass 
cap is connected by means of a waxed joint W, to the pull valve A, 
of the pump, to one tube of the katharometer, and to a large 


1 H. A. Daynes, Proceedings of the Royal Society, 1920, [A], vol. xevii. p. 273. 
2 KH. I. Lewis, Chemistry and Industry, 1928, vol. xlvii. p. 1238. 
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| vertical tube B containing mercury, which serves to keep the 
| pressure in the apparatus constant during heating and cooling 
and to allow for an increase in volume due to any gas evolved 
from the sample. This vertical tube is fitted at the upper end 
with a thin glass rod R drawn out to a point ; the point is tipped 
with blue glass so that the mercury can be adjusted to a con- 
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stant level. The lower end is fitted with a tap and connected to 
a mercury reservoir. 

The push valve 4 is also connected to a tube with a tap for 
delivering a supply of pure nitrogen. The pull valve A, is con- 
nected to a capillary outlet tube carrying two taps D, and D,, 
as shown in Fig. 2. 

Between the taps a T-junction provides a connection to a 
burette containing mercury, the lower end of which communicates 
with a mercury reservoir. The burette can be closed at the top 
end by a two-way tap Ds, which connects, in one position, with a 
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manometer M for the purpose of adjusting the gas in the burette 
to atmospheric pressure. 

The circulating pump illustrated in Fig. 8 was designed by 
one of the authors, and a modified form has been described else- 
where.t A and A, are valves containing concentrated sulphuric 
acid ; the points of connection to the other parts of the apparatus 
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are shown (see also Fig. 1). They are connected through a 
common tube to one limb HL of a U-tube containing mercury. 
The mercury in this U-tube acts practically as a piston by moving 
up and down, and by means of the valves A and A, causes the gas 
in the apparatus to be constantly circulated. The up-and-down 
movement of the mercury is obtained by means of a small pressure 
of water, which is admitted from the mains at K to the other 
limb H, of the U-tube, and escapes at L. A small amount of 
mercury is trapped in the tube at H, and this is pushed along by 


1 G. Barr, Journal of the Chemical Society, 1928, p. 3293. 
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the water in escaping to L, causing a rise of pressure and, there- 
fore, depressing the mercury level at N and H,. The pressure is 
suddenly released as the small amount of mercury ig expelled 
into the tube O, causing the mercury level to rise again at N and 
H,. Consequently another small amount of mercury is again 
trapped at H owing to the rise of the level at N sealing off the water 
current, and the cycle is repeated. Nitrogen could be admitted 


Pure Nifrogen Supply. 
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to the apparatus through the tap D and escape through taps 
D, and D,. 

The nitrogen used was obtained from a cylinder, and was 
purified by passing through the following system : 


(1) A U-tube containing soda-lime, to remove carbon dioxide. 

(2) Concentrated sulphuric acid, to remove moisture. 

(3) A tube heated to 700° C. and containing first a spiral 
of copper gauze and next a spiral of nickel gauze, to 
remove the bulk of the oxygen. 

(4) Concentrated sulphuric acid. 

(5) A tube heated to about 800° C. containing pure electrolytic 
iron turnings. 

(6) Concentrated sulphuric acid before passing into the 
apparatus. 

1929—i. 2P 
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All joints on the apparatus were either made with vacuum 
wax or were of the ball-and-socket type. 

Calibration of Apparatus—It was necessary to know the 
volume of the apparatus between the taps D and D,. ‘This was 
determined by filling with carbon dioxide, and to avoid correc- 
tions due to changes in temperature and pressure and impuri- 
ties in the carbon dioxide, a glass vessel of known volume was 
filled at the same time. The carbon dioxide in each was then 
washed out with nitrogen through potash bulbs, the bulbs being 
weighed before and after. The volumes of the apparatus and of 
the standard vessel were proportional to the increases in weight 
obtained. 

The katharometer was also calibrated by means of synthetic 
mixtures of pure nitrogen and hydrogen, nitrogen being used as 
the standard gas for comparison. 

Determination of Hydrogen.—A piece of the steel was carefully 
cleaned, weighed, and placed in the heating tube, as indicated in 
Fig. 1 at 8, and the cap C was sealed on with wax. With the 
circulating pump in action, nitrogen was then passed through the 
apparatus for about 2 hr. to ensure that all oxygen was washed 
out. The pump was stopped, the tap D closed, and the mercury 
levels in B and EH adjusted to fiducial marks. When the pressure 
in the apparatus was atmospheric the taps D, and D, were closed. 
The pump was again started and the nitrogen passed to the 
standard tube of the katharometer, and the electric current 
was adjusted to the standard reading on the galvanometer. An 
electric resistance furnace, regulated to a temperature of 600° C., 
was then placed in position on the heating tube. 

The gas in the apparatus was retained at atmospheric pressure 
by lowering the mercury reservoir attached to the vertical tube B. 
The galvanometer was switched over to the bridge position, and 
the deflection caused by the evolution of hydrogen noted. 

The heating was continued for some time after a constant 
deflection had been obtained ; the period of heating was usually 
about 1 hr. The furnace was then withdrawn, and during cool- 
ing the gas was maintained at atmospheric pressure by raising 
the mercury reservoir. 

When normal conditions of temperature had been restored, 
the deflection was noted, the taps D, and D; were opened, and 
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the increase in the volume of gas in the apparatus was measured 
by raising the mercury level in B to the blue point at R (the 
original level) and transferring the excess of gas into the burette ; 
the pressure was carefully adjusted to atmospheric, as indicated 
by the manometer M, by manipulation of the mercury reservoir 
attached to the burette. 

In Fig. 4 is shown a device for observing variations in volume 
due to changes in room temperature and barometric pressure 


Fig. 4. 


during the course of an estimation. This apparatus is placed 
in contact with the heating tube when the latter is not in the 
furnace. Its volume is known and approximates to that of the 
main apparatus. The tap is closed at the commencement of an 
estimation at the same time that the other taps are closed. Any 
variations in temperature or pressure are recorded on the scale, 
and corrections can be made to the final volume. 

The method has been successfully used to estimate hydrogen 
in a number of samples of mild steel which had been subjected to 
special conditions. As the estimation of hydrogen by the katharo- 
meter would be affected by the presence of other gases, samples 
withdrawn from the apparatus were analysed by ordinary gas 
analysis methods. Only a very small amount of a hydrocarbon 
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gas was detected, which would not materially affect the hydrogen 
results. 

The range of the galvanometer allowed a hydrogen content 
up to 10 per cent. to be measured in a total volume of 440 milli- 
litres. 

The method is very sensitive, as it is possible to detect 
0-5 millilitre of hydrogen. At a temperature of about 600° C. all 
the hydrogen was evolved with a heating period of 1 hr. Higher 
temperatures up to 900° C. gave no appreciable increase in the 
amount, but tended to decompose the small amount of hydro- 
carbon gas present. 


The authors desire to acknowledge the advice and encourage- 
ment received from Dr. W. Rosenhain, F.R.S., Superintendent 
of the Department of Metallurgy and Metallurgical Chemistry at 
the National Physical Laboratory. 
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Tue Annual Dinner of the Institute was held in the Grand Hall, 
Connaught Rooms, London, on May 2, 1929, under the Chairman- 
ship of Professor Henry Louis, M.A., D.Se.; President. There was 
a large attendance of members and guests, among whom were the 
Rt. Hon. Viscount Falmouth; Sir Philip Cunliffe-Lister, K.B.E., 
M.P., President of the Board of Trade; Sir Charles A. Parsons, 
C.B.E., O.M., F.R.S. (Bessemer Medallist) ; Colonel Sir Arnold 
Wilson, K.C.I.E., C.M.G., D.8.0. ; Sir Joseph EH. Petavel, K.B.E., 
Director of the National Physical Laboratory ; Sir Henry Fowler, 
K.B.H.; Sir Brodie H. Henderson, K.C.M.G., C.B., President of 
the Institution of Civil Engineers ; Mr. Daniel Adamson, President 
of the Institution of Mechanical Engineers ; Mr. EK. J. Fox, Presi- 
dent of the National Federation of Iron and Steel Manufacturers ; 
Sir William Larke, K.B.E., Director of the National Federation of 
Iron and Steel Manufacturers ; Lieut.-Col. K. Edgcumbe, Presi- 
dent of the Institution of Electrical Engineers ; Professor S. J. 
Truscott, President of the Institution of Mining and Metallurgy ; 
Dr. W. Rosenhain, F'.R.S., President of the Institute of Metals ; 
Mr. Maurice §. Gibb, C.B.E., President of the North-East Coast 
Institution of Engineers and Shipbuilders; Mr. H. T. Tizard, 
C.B., F.R.S., Secretary of the Department of Scientific and 
Industrial Research. 

The Loyal Toasts were proposed by the President, and were 
enthusiastically received. 


The Right Hon. Sir Puinie Cuntirre-Listyr, K.B.H., M.P. 
(President of the Board of Trade), who was received with applause 
on rising to propose the toast of ‘‘ The Iron and Steel Institute,” 
said: Mr. President, My Lords, Ladies and Gentlemen—my old 
friend Mr. Talbot has just said to me, “I wonder how many 
speeches you have addressed to the iron and steel trade.” Well, 
T hope this will not be the last, but I should like to take this oppor- 
tunity, if it is the last speech I shall address to the iron and steel 
trade as President of the Board of Trade—in this parliament 
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(laughter)—to thank you and your industry for all the help you 
have given me in the years that I have been at the Board of 
Trade. Very few men can know all of one industry, and no man, 
unless he is a very foolish one, can know anything like all of all 
industries ; and the only way anyone can get on in my job is 
by having continually the advice and the support of the best 
brains that can be got in the different industries with which he 
has to deal. If I have failed in regard to iron and steel, it has 
not been for want of the advice and support that those best 
qualified to give it in the iron and steel trade have given me, and 
I am genuinely grateful for their help. 

I am grateful to you, moreover, for asking me to come 
here to-night and propose the toast of your Institute, and to 
propose it on a particularly felicitous occasion, for this 1s your 
Diamond Jubilee year, and some of those who helped to found 
the Institute are still with us. If I may, as a Yorkshireman, a 
neighbour, and an old friend, mention one name, which certainly 
does not exclude others, I should like to mention that of Sir Hugh 
Bell (applause), to whom I am sure every member of the Institute, 
whether he came in sixty years ago or this year, sends the very 
heartiest congratulations on his recovery and the most sincere 
wishes for his complete restoration to health. It is also the 
jubilee year of the invention of the basic steel process. 

Your charter makes it clear that the primary object of your 
Institute is to provide a means of communication between 
members on matters of mutual interest in the scientific develop- 
ment of iron and steel. Never was there greater need for that 
mutual intercourse or a greater opportunity for getting together 
in that industry than there is to-day. Iam going to give you this 
toast to-night with a very strong feeling of confidence in the 
future of the British iron and steel trade. I do not base that 
only, or chiefly, upon such improvement—and it is not small— 
as has been seen in that industry in recent times. I base it more 
firmly and more certainly on the tremendous potentialities which 
Tam convinced the steel trade of this country possesses. We have 
great assets, if we use them aright. We have a great asset in 
our industrial relations. I doubt if the record of the industrial 
relations of any industry is as good as that of the steel industry 
of this country. You have to be a fairly old member of this 
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industry to recall the experience of any industrial dispute in the 
steel trade that led to a stoppage of any magnitude. That is a 
tremendous asset for any industry. Then there is the asset of the 
traditional quality and reputation of the goods you produce. 

Then you have another asset which is older still—the natural 
resources of this country: our coal, our ore, and our coast-line. 
We possess ore in this country on a scale that I think few people 
outside your own industry recognise. That is a fact which is 
going to become increasingly important in the years to come, 
when our great competitors are going short in their domestic 
supplies. The coast-line of this country is also a real asset. 
Look at the places where other nations have developed their 
steelworks, and then look at the coast-line of Britain. In this 
country you will find harbour facilities and coal side by side, 
often close to the ore, and in every case with the opportunity of 
bringing your ore to a port. If you had to start this game over 
again, could you find any country where the natural advantages 
are as great as they are in this country for this, perhaps the greatest 
of all trades? The earliest industrial predominance of Britain 
was based on our natural resources and our natural facilities. 
They are still there, and I am sure they are as great assets to-day 
as ever they were. 

You have also the asset of your plant in this country. I 
know it is the fashion to-day, particularly in London, to say that 
the British steel industry wants scrapping from top to bottom, 
and that we ought to scrap our plant and put in new plant. It is 
extraordinarily easy to criticise an industry that you do not know 
anything about, and I have heard that superficial criticism from 
not a few people—outside the steel area. If, however, you go to 
an instructed critic (I hesitate to speak before you; I feel rather 
like Daniel !) you get a different answer. I had the good fortune 
a few days ago to meet one who is by common consent the greatest 
expert in the steel world, a man whose view I would take sooner 
than anyone else’s; and in the view of such a critic from the steel 
furnace onwards we have got plant which is in many cases as good 
as any that can be found anywhere in the world. 

When you come to blast-furnaces and coke-ovens, however, 
I think you yourselves will admit that in many cases your practice 
falls short of what is best and most economical. Even if you 
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make a generous allowance for what are called the particular 
requirements and the particular conditions of different localities 
I think that is the case, but I know that plans are already in hand 
for improvement. In this country we have the ore and we have 
the port facilities, and in the development of pig iron you will be 
helping not only yourselves but a great many other people as well. 
I venture to express the hope that the Government may have been 
of some assistance to you here, and that the reduction in railway 
freights which it has brought about may have been of material 
encouragement to many of your firms. 

I do not think anyone will deny that to use the assets we 
possess to the best advantage we do want organisation in the 
steel industry of this country to go a little further. I know some- 
thing is being done; I know that some amalgamations have 
taken place, and that others are contemplated and, I hope I 
may say, actually in sight. I understand you have already made 
arrangements for the almost complete co-ordination of your export 
business, and I congratulate you if that be the fact. Ihave before 
now had the experience of two great firms in the same market 
being after the same contract, and where we have had a minister 
on the spot who has been only too anxious to support the British 
interest but who has been unable to give the least help because 
of the competition of those two firms, neither of which in the end 
got the contract. If you can co-ordinate your export sales I am 
perfectly certain you will reap a great advantage, and I congratu- 
late you and look forward to our commercial diplomatic service 
and our trade commissioners being able to give you far greater 
assistance than they have been able to render in the past. 

But that co-ordination is surely no less important in the home 
market and in the whole field of production. In all business it 
is axiomatic that it is worth co-operating in order to eliminate 
wasteful competition. You know much better than I do how to 
get the best out of your industry. You want the best plant to be 
running full time, but you know how seldom the best plant of this 
country has been running full time. Some of you had to wait 
until there was a seven-months’ strike and all the arrears had 
piled up in order to see your plant running to the full limit. But 
not only has the best plant to run full time, but it has to run full 
time without unnecessary changes; you do not want to have to 
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be changing over again and again. Rolling-mills which do not 
need development do want effective use. If they can be kept 
not only full of orders, but this mill and that mill full of orders of 
the same kind, the whole cost of production will be affected ; but 
for this organisation is required. Again, is it not necessary to 
combine with local arrangements for the establishment of batteries 
of coke-ovens, with the most efficient plant in the right place for 
production, for use and for distribution of gas? I hope that here 
some help may come from the Committee which I appointed under 
Sir Alexander Walker. 

I may be an optimist when I say that regional amalgamations 
or arrangements are in sight, but if they are, other arrangements, 


‘whether in this country or outside, become much easier. There 


is no buyer of steel in this country or outside it who need be anxious 
about the amalgamation or rationalisation of the British steel 
industry. Its purpose is not to put up prices but to bring down 
costs of production, and it is only by bringing down costs of 
production and getting more production that we shall be able 
to use all our plant, and use it to the best advantage. 

Taking the long view, the greater employment of our work- 
men can come only if our industries are developed as fully as they 
can be. Your record of your relations with your men, the part 
your men play, and the understanding your men have of your 
industry—all these are great assets, and go to show that your 
men will consider these movements wisely, and that you will 
consider sympathetically their position. No one can doubt that 
an industry which is reorganised can command fmancial support 
which it cannot command without that reorganisation. When 
seeking for fiscal or financial support, an industry which has set 
its house in order has by far the strongest claim. 

It is with much pleasure that I give you the toast of your 
Institute, coupling with it the name of your President, Professor 
Henry Louis. 


The toast was received enthusiastically. 
The Presrpent of the Institute (Professor Henry Louis, M.A., 


D.Se.), who was accorded a very cordial reception, said in reply : 
My Lords, Ladies and Gentlemen—lI rise with very much pleasure 
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to acknowledge the toast that Sir Philip Cunliffe-Lister has so 
graciously proposed and you have so warmly accepted. Unfortu- 
nately for me, I am not able to follow Sir Philip in the whole of his 
speech. He, in his position, had the power to couple the iron and 
steel industry with the Institute. Speaking as your representative 
and occupying the honourable position to which you have been 
good enough to elect me, I must confine my remarks to the Iron 
and Steel Institute, tempting though it is to say a few words on the 
subjects Sir Philip Cunliffe-Lister has brought before us. 

As he has told you, this is our Diamond Jubilee. The Institute 
is now sixty years old, and, looking back on the progress of the 
industry during that period, the Institute may fairly be proud 
of its record. Every important improvement that I can think of 
in iron and steel making which has taken place during those sixty 
years has been due to some member of the Institute, and most of 
them have been wholly originated by our members. (Applause.) 
That is surely a reflection of which we may well be proud. We 
must also bear in mind that the way in which our Institute has 
inspired and assisted research has helped to originate not a few of 
these improvements in the industry. 

Our Institute is entirely British in origin and entirely British 
in its constitution, but in spite of, or rather I think on account of, 
that fact it is, 1 think, the most thoroughly cosmopolitan of all 
our societies. Our Institute considers no distinction of class or 
race or nationality ; we consider only one distinction—that of doing 
useful work for the iron and steel industry. That has always been 
the policy of this Institute, and I am confident it will continue to 
be its policy in the future. We include people engaged in the 
manufacture of iron and steel from every part of the world. Go 
where you will, wherever iron and steel are made you will find 
a member of this Institute doing his share of the work, helping 
as one single unit to advance the whole industry, not only in this 
country but throughout the world. 

There is, perhaps, only one regret that I have to voice. While 
our Institute includes practically every iron and steel maker 
worth considering, the users of steel are not so well represented in 
it. Iam afraid some of the users do not yet realise how valuable 
the work of the Institute could be to them. It can be of the 
greatest value, because the Institute is advancing the scientific 
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side of the industry by every means in its power. Iam afraid the 
users of steel do not yet thoroughly realise that the days of 
empiricism are past, and that the old rule-of-thumb methods are 
no longer to-day as useful as they were at one time. Ido not want 
to have it thought for one moment that I am deprecating the 
wonderful skill of the trained hand and eye of our workmen. It 
is a matter for admiration how marvellously their traimed eyes 
do gauge the exact temperatures and requirements for successful 
manufacture. But nowadays we require more precise and more 
scientific methods. 

For one thing, the intensive working and mass production 
which are necessities in modern times do not give the time required 
for the leisurely attainment of correct conditions, which have now 
to be determined instantly by scientific methods to allow scientific 
production to go on. Another reason is that modern alloy steel 
allows, I think, less margin of error than the old-fashioned materials 
of manufacture. Hence scientific methods are absolutely neces- 
sary for anyone who wants to make the best of the material he is 
handling, and I feel confident that users of iron and steel would 
find it to their enormous advantage to co-operate more closely 
with the men who make the materials that they have to use— 
men who, above all others, understand thoroughly the properties 
of the metals that they are producing. I make bold to say that 
the Journal of this Institute and its meetings offer the greatest 
opportunity possible in the whole world for attaining that know- 
ledge, and I hope that in the future we shall see the users of iron 
and steel coming forward in greater numbers than they have in 
the past to co-operate more closely with the manufacturers of 
these materials, for the mutual advantage of both. 

The President of the Board of Trade has told us, as a member 
of the Government, how useful our Institute has been to him 
and to all the governing powers. I think I am justified in asking 
why the Government does not reciprocate. I am speaking now, 
for the moment, not only on behalf of the Iron and Steel Institute, 
but on behalf of all the scientific and technical societies of the 
country, and I make no difference between them, because there 
is no real difference between pure science and applied science. 
Science remains pure science only as long as industry has not 
found the means of applying it, and the pure science of to-day 
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is the applied science of to-morrow. I am aware that at the 
moment the gap between pure and applied science is rather large, 
but that is simply due to the fact that during the last quarter of 
a century or thereabouts pure science—the knowledge of the con- 
stitution of matter, which is, after all, the basis of pure sclence— 
has made enormous advances, and applied science has hardly yet 
caught it up. But that is only a passing phase. ‘The two are, 
after all, wholly and essentially one, and therefore I think 1 am 
justified in speaking on behalf of pure and applied scientific 
societies as one body. As the President of the Board of Trade 
has told us, their work has been of the utmost use to the Govern- 
ment. I think they would be justified, however, in quoting to the 
Government the old lines : 


“Tt was all very well to dissemble your love, 
But why did you kick me downstairs ?”’ 


(Laughter.) All these societies are having a hard struggle to 
make ends meet at the present time, for reasons which are too 
well known to need recapitulating here. They use their income 
for two purposes only: to disseminate information and to sub- 
sidise research. ‘They give no other benefit to their individual 
members, and because no personal advantage is derived from them 
they have for years been looked on as public benefactors, and they 
have on these grounds—and quite rightly, as I maintain—been 
held to be free from income-tax. In the last year or two, however, 
the Government authorities have been endeavouring to strain the 
law and make all these technical societies pay income-tax, which 
most seriously cripples them and restricts their activities. I 
venture to suggest that such relatively small sums as can be 
obtained from them can make no difference to the national budget, 
though they do make an enormous difference to the budgets of 
these various societies. It is impossible to suggest any better use 
that could be made of the national income, wherever derived or 
obtaimed, than to apply it to the very work these societies are 
doing to-day. Surely it is of far greater national importance 
to develop the national facilities for study and research than to 
increase the nation’s facilities for drinking tea! If the Govern- 
ment really appreciates the value of scientific work and research 
as a national asset, let it restrain the activities of the Treasury and 
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leave the small income of these societies to be utilised, in the future 
as in the past, for the national benefit. 

This Institute is no exception. All it asks is to be given the 
fullest possible freedom to use its activities in the widest possible 
way for advancing the great industry which it represents. The 
gain to the country by the activity of its members in that way 
will be no less marked in time of peace than it was when members 
of this Institute were called on, in the dire distress of the country 
in time of war, to meet the abnormal conditions which then arose. 
The members of the Institute then rose to the occasion and showed 
what they could do, and they are equally capable of doing that 
same work in time of peace. But give us a chance to do it, and 
leave us alone to do it. 

Gentlemen, I think I have said enough to show the important 
work our Institute is doing. We are endeavouring to co-ordinate 
the scientific work that is required for a thorough knowledge of 
iron and steel—a knowledge which is more important to-day, and 
erowing more important day by day, than it has ever been. The 
members of this Institute are, above all, those who are straining 
every nerve to produce in the best possible manner that iron and 
steel which you must look on no longer solely as the implement of 
warfare but as the handmaid of modern civilisation as we know it 
to-day, and without which modern civilisation would be unthink- 
able. 

Sir Philip Cunliffe-Lister, I thank you for the way in which 
you have proposed this toast, and you, gentlemen, for the way in 
which you have received it. (Applause.) 


Gir Henry Fowier, K.B.E., who proposed the toast of ‘* The 
Iron and Steel Industries,” said: I feel that perhaps I am, in 
common with many others, fully qualified to propose this toast, 
in that I belong to one of the largest industries and largest users 
of iron and steel—the transport industry of this country, the 
railways. 

I would like you to appreciate what the railways mean at the 
present time to your industry. As far as figures are concerned, 
I can speak only for the line with which I myself am associated ; 
but even to-day we purchase considerably over a quarter of a 
million tons of iron and steel in its semi-finished state (I include 
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rails), and in addition to that we buy in manufactured articles a 
very considerable amount of steel. 

I feel, moreover, that I am qualified to speak on this toast 
in that during the war I had the honour of being Director of 
Production at the Ministry of Munitions. I appreciated then more 
fully than ever before, and perhaps more fully than many people 
do, the work done by the iron and steel industry in the great task 
we had at that time. The President of the Board of Trade and 
you, Mr. President, have referred to it ; but those of us who were 
“up against it” did appreciate how, in spite of all the difficulties— 
and they were many—long before the end of the war we were 
able to get the whole of the steel we required for our projectiles. 
I remember realising that, however much we might fail in other 
directions, we were not going to fail because of insufficient supplies 
of the steel we required. That, I think, is one of the greatest 
feats this country has ever performed in the production of muni- 
tions, and the basis of our effort was that we were able to get all 
we wanted in the way of steel supplies. 

You will appreciate that it is difficult to hold closely to the 
subject of a toast, and so I would like to say a word or two with 
regard to what I feel the industry owes to the Institute. When 
one looks back at the work that has been done for getting steel 
into the good condition it is in and (I say it almost with bated 
breath) at the price it is at, one does appreciate how much the 
industry is indebted to this Institute. 

There are economic reasons which prevent us from progressing 
as much as we should like to, and that is a point which, unfortu- 
nately, we have to consider ; but we cannot go round a steelworks 
anywhere in the country without appreciating what great strides 
are bemg made in our organisation, just as in this Institute we 
can see what strides are being made. I feel, therefore, it is a great 
honour that I should be allowed to propose this toast of “‘ The 
Iron and Steel Industries,’ and to associate with it the name of 
my old friend Sir Wiliam Larke. 


The toast was then honoured. 


Sir Wittiam Larxer, K.B.E., who responded, said: I am 
really a very bold man to reply to my friend Sir Henry Fowler, 
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because there is a scriptural injunction which says, “‘ Deliver 
thyself as a bird from the hand of a fowler.” (Laughter.) 

When the President of the Board of Trade was speaking, 
I thought of the many discussions which, as the mouthpiece of 
the industry, I have had with the Government and its representa- 
tives. Let me say at once that I have always met with the most 
sympathetic and kindly hearing from the President of the Board 
of Trade individually, but I am reminded of the time when I was 
myself an amateur Government official. (In parenthesis, let me 
say that Sir Henry Fowler, when he was Director of Production, 
turned me down, and, as a reward for his perspicuity, when I had 
an opportunity later of nominating members of a commission of 
which I was chairman, he was the first man I thought of.) At 
a time when we were very harassed, and swamped with papers, 
we were very glad to find some among them that were not our 
responsibility. On one occasion an official found such a paper 
and sent it to a colleague marked “‘ Yours, I think,” only to find 
it back in an hour or so marked “ Polite, but inaccurate.” 
(Laughter.) We have sometimes felt that that is the relation 
which exists between ourselves and the Government; we have 
been saying “ Yours, I think,” and they * Polite, but inaccurate,” 
so far as our troubles are concerned. Really, it should have been 
‘Ours, I think.” I am glad to find, from the recent Local 
Government Bill and from many other things which have happened 
during the past year, that the Government have underlined the 
“Ours, I think.” The derating provisions of the Local Govern- 
ment Act will be a very important contribution towards a national 
industrial policy by which alone we can secure an industrial 
revival in this country. The conditions which obtain are quite 
beyond the powers of the industry to meet with unaided. 

It is sometimes convenient for Ministers to say that it 1s very 
undesirable that Government should interfere in industry. With 
that view industry would heartily agree, if Governments had never 
interfered with industry. It is because they have interfered in 
the past that they must adjust the consequences of that inter- 
ference in the present in order that we may secure a revival in the 
future. The distribution of the burdens of taxation in particular 
and the burdens of the war can be adjusted only by the Govern- 
ment. ‘The present Government have made a remarkable advance 
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towards a commencement—I say advisedly and emphatically a 
commencement—of an industrial policy which I hope, if the 
fates permit, they will endeavour to develop into a real industrial 
policy later in this year. 

I would like to point out to the Government, which is repre- 
sented here to-night by Sir Philip Cunliffe-Lister, that it is fatal 
to tax costs if you want to cure unemployment ; you must tax 
profits. The Government have removed one part of the burden 
from our costs by the derating scheme, but there is another part, 
the cost of our social services. Do they realise that we have to 
pay for the privilege of creating employment an amount which 
represents 2s. 6d. per week per man and 4s. 6d. per ton of finished 
steel ? It is well worthy of consideration whether that burden 
cannot be more satisfactorily adjusted, thus giving industry a stall 
oreater stimulus. 

In our post-war difficulties I have often felt, and I expect the 
Government and all of you have felt, that we have been too prone 
to regard masterly mactivity as a policy. It is never a policy ; 
it is always a disease. It is a disease, whether in Government, 
people, or industry. But I am sure that what I have said will 
show you the symptoms are subsiding and are in the way of being 
cured as regards the Government. But what about ourselves ? 
IT think it is in process of being rapidly cured, even if we ever had 
it. Iam told that as an industry we are too modest. We have 
not let the public know what we are doing. I would like to 
mention one thing that particularly applies to this Institute in 
which close co-operation has been established—and I gratefully 
acknowledge it—between the industry and the Government. I 
hope it will result in very close co-operation between this 
Institute, as representing the scientific side, and the National 
Federation of Iron and Steel Manufacturers, as representing 
what I hope I may call the applied scientific side. We have 
recently laid the foundation of an Iron and Steel Industrial 
Research Council which will be composed of members of the 
Iron and Steel Institute, the National Federation of Iron and 
Steel Manufacturers, and other research associations of cognate 
industries connected with iron and steel, and that body will be 
charged with the responsibility of investigating and developing 
efficiency in productive processes, plant, and methods. It will 
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not deal with the fundamental and scientific researches which are 
already so adequately dealt with by other authorities and through 
other agencies. I want to acknowledge on your behalf and on 
behalf of the industry our gratitude to the Government who, 
through the Department of Scientific and Industrial Research, 
have agreed to support that work on the basis of a contribution 
of £ for £ above a datum line of the first £2000 for five years, up 
to a maximum subscription in any one year of £10,000 by the 
Department, provided we on our part provide only £12,000 in 
any one year. That is a very great and important departure. 
It is one, I think, that warrants my saying that if ever masterly 
inactivity did infect us it has long ceased to have any meaning in 
relation to our efforts to redeem our industry from the depression 
from which it has suffered for so long. I am sure that this 
Institute will co-operate through its Council and its members 
to make that great venture an important national feature and 
the finest research organisation not only in this country but in the 
world. 

There are some pessimistic people, and some who would have 
it so, who have perhaps thought of our industry as being moribund. 
When I think of that I am reminded of the man whose obituary 
notice appeared in the paper. When he complained the editor 
replied, ‘‘ What we have said we have said. The best thing we 
can do is to put you in the births column to-morrow morning.” 
(Laughter.) That is what those people will have to do with the 
British iron and steel industry. For eight years we have been 
passing through a difficult time. There is a Latin tag which 
says, “‘ In poverty, courage is as good as prosperity.” 1 think 
you will agree that our courage has been well tested. All we need 
ask is that the conditions within which we can develop our 
industry shall be at least equal to those enjoyed by our com- 
petitors. Given a fair field and no favour, this industry can be 
and will be second to none. 


Sir Winniam H. Exuis, G.B.E. (Past-President), who proposed 
the toast of “The Guests,” said: Mr. President and fellow- 
members—this is the first time the words “ fellow-members ” 
have been employed to-night, but I use them advisedly because, 
although like any English gentleman I am proud to welcome 
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ladies to a gathering of this sort, I want to assure them that 
we accept them with pleasure on account of the academic dis- 
tinctions they bring with them as members. We are not going 
to treat them with any more courtesy than I hope we are pre- 
pared to extend to each other. hey are our fellow-members, 
and therefore I do not mention them specifically by saying 
“ladies”? in my opening words. 

I notice the President of the Board of Trade has, for reasons 
of his own, departed before I made my speech. Whether his 
remarks were in the nature of a swan song or not we do not know. 
(Laughter.) Personally, I hope they were not. We must not 
mention politics in such a gathering as this, but I think I may 
say, on behalf of myself and many others, that although he alluded 
very definitely to the courtesy which had heen extended to him 
by members of this Institute, those of us who have appeared 
before him to plead various causes have always received from 
him at least the same measure of courtesy. 

My speech to-night is going to be short, but when one proposes 
the toast of “‘ The Guests” at a gathering of this sort, it is bound 
to be somewhat invidious. I should like to say that Iam prepared 
to accept the guests as being all equally eminent, and although 
Iam bound to mention certain names that must not be regarded 
as In any way invidious. 

I am sure we all welcome Sir Charles Parsons ae our gather- 
ing to-night, not only because of the honour which has been 
bestowed on him to-day, but because we are delighted, knowing 
his advancing years, to realise that he is as keen and alert in his 
scientific work as he was a quarter of a century ago. I say a 
quarter of a century ago, but I believe it is forty-nine years since 
he and I were in Leeds together, long before he worked out his 
turbine experiments, so it is really half a century of active scientific 
research work that he can look back on. 

We have many visitors here from different countries, and I 
offer them a warm welcome on behalf of us all. I am bound to 
mention two countries in particular. First of all, I hope that our 
visitor from America will remind his colleagues there that the 
undistinguished Englishman whom they honoured to the extent 
of 1654 people welcoming him at the annual dinner last year has 
not forgotten it, and will never forget the kind hospitality of the 
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members and the opportunities for viewing their works which 
were afforded to him. I must also say a word with reference to 
the presence of Senor Barreiro, who with his colleagues did so much 
to bring about one of the most successful foreign visits that this 
Institute has ever made. I hope he will convey to his colleagues 
in Bilbao our very warm feelings of gratitude for all the trouble 
they took to welcome this Institute there. 

I have to be very careful about my last reference, because it 
is to the gentleman who is sitting on my left. He now occupies 
the distinguished position of President of the Institution of Civil 
Engineers, being one of my successors in office. I have to sit for 
another six months under his chairmanship, and therefore any- 
thing I say about him must be very carefully worded. But 
I should like to say in his presence that he is doing all that a man 
can do to maintain the high traditions of that very important 
technical institution. 

Mr. President and fellow-members, I propose the toast of 
all our guests to-night, coupled with the name of my friend, 
Mr. Maurice Gibb. 


The toast was cordially received. 


Mr. Maurice Gres, C.B.E. (President of the North-East Coast 
Institution of Engineers and Shipbuilders), who was received with 
applause on rising to respond, said : I have very great pleasure, 
on behalf of your guests, in responding to the toast so ably pro- 
posed by my friend Sir William Ellis. I do so, however, with 
the profound conviction that the one chosen to perform this 
honourable duty has the least power of expression of all your 
euests, but, notwithstanding how inadequate my words may be, 
I feel I am voicing the sentiments of all your guests when I say 
how heartily we appreciate and thank you for your kind hospi- 
tality, and how proud we are to be your guests to-night. There 
is an old saying that a man is known by the friends he makes, 
and an Institution might be said to be known by the guests it 
entertains. If that be so, we guests have to shoulder some 
responsibility to-night in living up to the high reputation of your 
sreat Institute. 

Sir Philip Cunliffe-Lister has referred to the basic steel process. 
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Among the guests who are linked with that early outstanding 
invention in the steel industry, the basic steel process, which was 
started at Middlesbrough exactly sixty years ago, are Mr. Thomas 
and his brother, who are nephews of the late Mr. 8. G. Thomas, 
the inventor of the basic slag process. 

I have to speak for, among others, the Presidents and Past- 
Presidents of other great Institutions who are here to-night. 
They have been told on many occasions, in what the editor of that 
creat paper, lngineering, has described as “ terms of harmless 
adulation,” that but for the activities of the members of their own 
particular Institution the whole fabric of civilisation would drop 
to pieces. No doubt they, and perhaps we, are inclined to believe 
it. But, no matter how essential the work of other Institutions 
may be in keeping the wheels of industry turning, it 1s impossible 
to conceive how our industries could carry on without the basic 
metal from which, Mr. President, your Institute derives its name, 
and to which your members have devoted so much profound 
study. 

History is marked by the Stone Age, the Bronze Age, and 
the Iron Age. Our own time is marked by the Steel Age, and, 
if we may judge by the activity of your members, you are fast 
approaching what may be known in the next decade as the 
Rustless Steel Age. If I were allowed to whisper, I might 
whisper that we shipbuilders are in no great hurry for rustless 
steel plates. The present plates seem to last quite long enough, 
though no doubt our friends the shipowners may have other views. 
(Laughter.) 

The increase in the practical applications of science, and the 
extensive research work which has been done by your members 
in connection with the great steel industry of this country, will, 
IT am sure, do more than anything else to improve its efficiency 
and thus carry it through the difficult time through which it is 
passing, provided that the burden of taxation from which the steel 
industry, like others, is suffering is removed. I do not wish on 
this occasion to enter into any controversy with regard to safe- 
guarding, or anything of that kind. 

We on the North-Hast Coast watch the proceedings of your 
Institute with more than ordinary interest, not only because your 
President and his immediate predecessor hail from that area, 
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but because our industries, and particularly our shipyards, are 
dependent on an efficient steel industry. It is therefore of par- 
ticular interest to us to know that your members are going to pay 
a visit to Newcastle in September, and I am sure you will receive 
a very hearty welcome. 

I thank you on behalf of your guests for the hearty way in 
which you have honoured this toast. 


The proceedings then terminated. 
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MINERAL RESOURCES. 


BRITISH EMPIRE. 


Southern Extension of the Warwickshire Coalfields. IF. W. Shotton. 
(Transactions of the Institution of Mining Engineers, 1928, Vol. 76, 
pp. 136-148). The paper embodies the results, in so far as they bear 
upon the future exploitation of coal in Warwickshire, of a detailed 
geological investigation which the author made during 1927 and 1928 
upon an area lying between Coventry and Warwick. 


Notes on East Coulee Coal Area, Alberta. G. L. Kidd. (Canadian 
Mining and Metallurgical Bulletin, 1929, Mar., pp. 490-494). A short 
paper in which the author shows the relations of the East Coulee coal 
area to the near-by Willow Creek, Wayne, Rosedale, and Drumheller 
areas. A table is included giving the analyses of several coals from 
the Drumheller field. 


The Peat Industry at Alfred, Ontario. (Hngineer, 1928, Vol. 146, 
Nov. 23, pp. 566-568). The Provinces of Ontario and Quebec are 
almost entirely dependent on imported coal. In these two Provinces 
there are, however, about 11,000 square miles of peat bogs, of which 
a considerable amount is suitable for the preparation of peat fuel. 
Twenty-two bogs, containing an estimated reserve of 87,000,000 tons, 
are close to large centres, and it is from these that a yearly production 
of 500,000 tons of peat, to be marketed as an industrial fuel and as an 
auxiliary to coal for domestic purposes, is predicted. The article 
gives a brief account of the history of the development of the Canadian 
peat industry, which is largely a story of failure. The plant now being 
operated at Alfred by the Federal Department of Mines is described. 


Oil and Gas in Western Canada. G. 8. Hume. (Canada, Depart- 
ment of Mines, Geological Survey, Economic Geology Series, No. 5, 
1928). The report contains chapters on the origin and accumulation 
of oil and gas, carbon ratios of coal as an index to the occurrence of oil 
and gas in Western Canada, geophysical methods for locating oil, 
physiography and stratigraphical geology of the Great Plains, and 
descriptions of the oil and gas fields. An appendix gives a list of wells 
drilled in Manitoba, Saskatchewan, Alberta, North-West Territories, 
and British Columbia. 
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Manganese Deposits at Postmasburg, South Africa. H.M. Pezzani. 
(Iron and Coal Trades Review, 1929, Vol. 118, Apr. 12, p. 540). Ac- 
cording to the author these deposits have been proved over a length 
of 40 miles. Sinkings on the Southern farms indicate a thickness of 
seam up to 54 ft., and on two farms alone, covering an area of approxi- 
mately 500 acres, it is estimated that 75 million tons of ore are available 
for mining. Approximately 60 per cent. of the ore on the Southern 
farms carries between 50 and 59 per cent. of manganese. 


The Chrome Industry of Southern Rhodesia. (South African Mining 
and Engineering Journal, 1928, Vol. 39, July 7, pp. 539-542). 

Mineral Resources of the Gold Coast. (Bulletin of the Imperial Insti- 
tute, 1928, Vol. 26, No. 4, pp. 481-482). Some notes are given on deposits 
of bauxite, manganese, and limestone found by the Geological Survey 
during the half-year ended June 30, 1928. In the Yenahin district, 
some 40 miles west of Kumasi, the deposits of bauxite found by the 
Geological Survey in 1923 were further examined. The deposit has 
been proved to be from 20 to 50 ft. thick and to contain very large 
quantities of good bauxite. Associated with the Yenahin bauxite 
in one locality are large masses of manganese ore, some of which is of 
high grade. 


Mineral Resources of Sierra Leone. (Bulletin of the Imperial Insti- 
tute, 1928, Vol. 26, No. 4, pp. 483-485). IImenite and titaniferous 
magnetite are widely distributed in the Peninsular of Sierra Leone. 
Individual deposits vary greatly in composition, from nearly pure 
ilmenite to magnetite containing only a small quantity of titanium. 
The following analyses are of samples from lodes in the norite near 
Hastings and Mount Aureol, Freetown. 


Hastings. Mt. Aureol. 
% % 
a Ea Pree 176-92 76-36 
OMe Tes ae Add 34 15-70 7-44 
Ve a ee 0-69 ry 
Cr Osu wee > (Nil 4-36 a eaite 


Geology of the Bowen River Coalfield. J. H. Reid. (Geological 
Survey of Queensland, 1929, Publication No. 276). 


The Geology of the Umaria Coalfield, Rewah State, Central India. 
EK. R. Gee. (Records of the Geological Survey of India, 1928, Vol. 60, 
pp. 399-410). 


The Occurrence of Low-Phosphorus Coking Coal in the Giridih 
Coalfield. C.S. Fox. (Records of the Geological Survey of India, 
1926, Vol. 59, pp. 371-404). 
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Sampling Operations in the Pench Valley Coalfield. G. V. Hobson. 
(Records of the Geological Survey of India, 1926, Vol. 59, pp. 165-190). 


HKUROPEH. 


Iron Ores of North-Western France. EH. C. Eckel. (Engineering 
and Mining Journal, 1929, Vol. 127, Mar. 9, pp. 392-393). The ore 
deposits of Normandy and Anjou are described. 


Industrial Spain Enriched with Mineral Treasures. V. Delport. 
(Iron Trade Review, 1928, Vol. 83, Oct. 4, pp. 829-832). Information 
obtained from official sources, relating to the iron ore and fuel resources 
of Spain, is given. 


The Minerals and Mining Industries of Czechoslovakia. J. G. F. 
Druce. (Chemistry and Industry, 1929, Vol. 48, Feb. 22, pp. 189-190). 
Both hard coal and lignite are mined in considerable quantities (about 
14 and 23 million metric tons per annum respectively). The largest 
coal deposits are in Kladno, Rakovnik, and Pilsen districts of Bohemia 
and around Ostrava in Silesia. This coalfield adjoins those of Poland 
and Germany, and consequently meets with heavy competition. The 
Rakoyvnik mines are the oldest, having been worked in the seventeenth 
century. The largest deposits of lignite are the three basins in N.W. 
Bohemia, below the Ore Mountains—namely, Most-Chomutov-Teplice 
(Briix-Komotau-Teplitz), Falknov-Loket (Falkenau-Elbogen), and 
Cheb (Eger). Some of the lignite is obtained just under the surface 
and without the sinking of shafts. The calorific value averages about 
4000 cal., but varies between 3000 and 7000. Much is exported from 
these districts to Germany, chiefly Bavaria, The output of iron ore 
(2,000,000 metric tons annually) is about equally divided between 
Bohemia (chiefly from KruSna Hora) and Slovakia (Dobéina, Spi, 
&c.). The chief foundries are at Pilsen, where the Skoda works are 
situated, Vitkovice and Kraliv Dvir (Kénigshotf). Iron pyrites is 
found abundantly, but 1t is not mined for the metal. 


The Iron Ore Deposits of the LOlling-Hiittenberg-Friesach Range 
in Carinthia. H. Haberfelner. (Berg- und Hiittenminnisches Jahr- 
buch, 1928, Vol. 76, Oct. 1, pp. 87-114; Dec. 15, pp. 117-126). 


The Coals of the Bulgarian Central Balkans. I. Trifonow and 
H. Raschewa-Trifonowa. (Gliickauf, 1928, Vol. 64, Nov. 3, pp. 1490- 
1491). The composition, calorific value, and types of coals occurring 
in fourteen mines in the district are recorded and discussed. 


MINERAL RESOURCES. 603 


AMERICA. 


Analyses of West Virginia Coals. (United States Bureau of Mines, 
1928, Technical Paper No. 405). This paper forms one of a series 
containing analyses of the coals of the different States of the United 
States. A brief description is included of the geological structure of 
the coal-basins in West Virginia and of typical mining conditions. 


The Pumpkin Buttes Coalfield, Wyoming. C. H. Wegemann, R. W. 
Howell, and C. KE. Dobbin. (United States Geological Survey, 1928, 
Bulletin 806A).. The geography, geology, and coal-bearing areas are 
described. The coalfield embraces about 1800 sq. miles in the central 
part of the Powder River Basin in North-Eastern Wyoming. 


Mineral Industry of Alaska in 1927 and Administrative Report. 
P.S. Smith. (United States Geological Survey, 1929, Bulletin 810A). 


ASIA. 


Investigations of Japanese Coals. H. Winter. (Gliickauf, 1929, 
Vol. 65, Apr. 13, pp. 493-498). The output of coal in Japan amounted 
to about 28 million tons in 1923. The largest deposits occur in the 
islands of Hokkaido and Kyushu. The coals belong to the tertiary 
formation ; all types of coals from lignitic brown-coal to anthracite 
occur. The coking industry is carried out along modern lines. The 
analyses of five coals from various places are recorded, and the occurrence 
of ash is discussed ; the volatile matter contents lay between 39 and 
47 per cent. of the cleaned coal. The distribution of the ash was 
investigated by means of X-rays and by very careful incineration of 
coal laminz. The constitution of the coals was also investigated. 


Geographical Distribution of Certain Minerals in Japan. 8S. limori 
and T. Yoshimura. (Supplement to Scientific Papers of the Institute 
of Physical and Chemical Research, Tokyo, 1929, Vol. 10, pp. 5-46). 
The localities producing the chief minerals in Japan are listed. 


Geology of the Wu Hu Tsui Coalfield, Fuhsien, Fengtien. C. C. 
Wang. (Bulletin of the Geological Survey of China, 1928, No. 11, 
Oct., pp. 37-49). The topographical features, stratigraphy, structural 
geology, and coal resources of this coalfield are described. 


Oil, Coal, and Iron Enterprises in South Manchuria. W. F. Collins. 
(Engineer, 1929, Vol. 147, May 3, p. 486). 
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A New Micromagnetometer. F. Rieber. (American Institute of 
Mining and Metallurgical Engineers, 1929, Technical Publication 
No. 119). The development of magnetic surveying would seem to 
have reached an instrumental limit, beyond which little progress may 
be expected unless some new principle of instrument construction can 
be introduced. The instrument described is believed to embody such 
a principle. The experimental model first constructed showed an ap- 
parent accuracy of over 30 times that of typical field balances. Due 
to the lightness and strength of the wire which constitutes the one 
moving part, and to other features of construction, greater dependa- 
bility as well as greater accuracy are obtained. 


Certain Aspects of Magnetic Surveying. L. B. Slichter. (American 
Institute of Mining and Metallurgical Engineers, 1929, Technical 
Publication No. 120). In classifying rocks magnetically, the inert, 
highly magnetic, and intermediate types are briefly discussed, and the 
peculiar importance of a few of the ferric minerals, and especially 
magnetite, is explained. Experimental evidence shows that the 
susceptibility of magnetite changes greatly as the field strength is 
changed, and that it also depends very much on the form in which the 
magnetite occurs. The hitherto accepted values appear far too low. 
For fields as weak as the earth’s, a value of about 0-3 is obtained for 
disseminated magnetite, while for the solid material a value of 1-5 
to 3-0 or higher appears correct. 

Three instances are given of the fact that field observations of 
intensity are often much in excess of those which can well be accounted 
for by accepted values of the susceptibility. In each case the higher 
values here advocated appear adequate to account for the observed 
results—in two cases it is shown that there is a satisfactory quantitative 
agreement between observed magnetic data and the form and size 
of the known ore body which caused the magnetic response. 


Geophysical Prospecting : Some Electrical Methods. A. S. Eve and 
D. A. Keys. (United States Bureau of Mines, 1928, Technical Paper 
434), The experiments show that a certain amount of valuable in- 
formation as to the existence and distribution of an ore body can be 
obtained with equipment that is procurable with comparative ease 
by the mining engineer. However, the means of detecting the ore 
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are not equally adaptable under all conditions, and the principles 
underlying geophysical prospecting methods must be judiciously 
applied with a great amount of study and caution, as well as sound 
theoretical knowledge and extensive field experience. Even with these 
as background the methods in their present stage of development 
are not altogether reliable. 


Manganese Ore Mining by Underground Methods in the Central 
Provinces, India. B. V. Mellon. (Transactions of the Mining and 
Geological Institute of India: Iron and Coal Trades Review, 1929, 
Vol. 118, Feb. 8, p. 207). The methods of mining employed at the 
Balaghat manganese ore deposit owned by the Central Provinces 
Manganese Ore Co., Ltd., are described. 


Calculations in Ore Dressing. W. Luyken and E. Bierbrauer. 
(American Institute of Mining and Metallurgical Engineers, 1929, 
Technical Publication No. 214). 


Modern Apparatus for the Preparation of Iron Ores. H. Bartsch. 
(Stahl und Hisen, 1929, Vol. 49, Mar. 14, pp. 353-355). In the washing 
of aluminous and siliceous ores in ordinary revolving washing drums 
trouble is experienced through the balling up of the clayey substances 
into lumps to which iron ore particles adhere, so that considerable 
losses result. Moreover, the lumps for the most part do not disintegrate 
and have to be removed by manual work from the drum. By fixing 
rings of triangular knives inside the drum at short intervals along its 
length this difficulty is overcome. The stream of water enters the 
drum counter to the direction in which the ore travels, and the cutting 
action of the knives, together with the friction of the revolving drum, 
completely disintegrates the sticky mass. Any particles of ore carried 
off with the mud are screened out on mud screens at the end of the 
drum and fed back into it. A second drum fitted with buckets or 
scoops works in series with the first, and here a final washing is effected, 
giving a good clean concentrated ore. The clay ores of Hesse con- 
taining iron 25 to 30, silica 30, and alumina 18 to 25 per cent. are 
treated in this way and yield a concentrate with iron 47, silica 9 per 
cent. and free from alumina. The market value of the ore is increased 
by 8s. 9d. per ton. At most ore washeries it is essential to recover 
the water, and to avoid the use of settling tanks covering a large space 
of ground which need continual cleaning, a mud-concentrating table is 
used. The clear water flows off the top, while the sludge is collected 
in a sump underneath and is continuously removed by a sludge pump. 
No sieves, filters, compressors, spitzkasten, or long lines of suction 
pipe are necessary. All these appliances, as well as single-stage 
screens for ores containing lumps of stone or pebbles, are described 
and illustrated, 
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Investigations concerning the Technical and Economic Efficiency 
of the Spathic Ore Dressing Plant at the San Fernando Iron Mines. 
W. Luyken and EH. Bierbrauer. (Archiv fiir das Hisenhiittenwesen, 
1928, Vol. 2, Dec., pp. 361-362). The article forms a short appendix 
to the previous report by the same authors previously published in 
Archiv fiir das Kisenhiittenwesen, 1928, Vol. 1, Jan., pp. 467-480 (see 
Journ. I. and §.1., 1928, No. I. p. 719). Some further explanations 
of the method of calculating the costs of the cleaning and roasting 
process as compared with those of hand-picking and roasting by other 
kilns are given. 


The Magnetic Roasting of Iron Ores. W. Luyken and E. Bierbrauer. 
(Archiv fiir das Hisenhiittenwesen, 1929, Vol. 2, Mar., pp. 531-543). 
The term “ magnetic roasting ’’ implies a method by which a feebly 
magnetic iron mineral contained in iron ores is transmuted into the 
ferro-magnetic form of iron. The treatment is applicable to hematite, 
limonite, and to mixtures of such ores with magnetite. Spathic ores 
treated with a view to subsequent magnetic separation may also be 
regarded as having been subjected to magnetic roasting. The authors 
describe experiments made at the Kaiser-Wilhelm-Institut fiir Kisen- 
forschung in treating the brown and red hematites from the Salzgitter 
range and the Dill basin with a view to rendering them ferro-magnetic. 
Samples of these ores, 2 to 3 kg. in weight, were roasted at 500° to 
700° C, in a rotary electrically heated furnace. Working under exclu- 
sively reducing conditions the ferric oxide can be entirely converted 
into a ferro-magnetic oxide. Ordinary town gas was used as the 
reducing agent. After roasting for 10 to 20 min. the ores readily 
lent themselves to magnetic concentration. 


Grading of Minette Ore and the Influence thereof on the Smelting 
Process. EH. Bertram. (Archiv fiir das Eisenhiittenwesen, 1929, 
Vol. 2, Feb., pp. 461-469). The minette ores of Lorraine and Luxem- 
burg differ among themselves in refractoriness and capacity for disinte- 
gration. Certain types of minette ores disintegrate at once on heating 
to between 180° and 250° C. Careful examination of the constitution 
of these ores leads to the conclusion that the disintegration is due to 
the expansion of the moisture of the green iron-silicate gels and of 
the brown iron-hydroxide gels which very commonly occur in the 
minette ores high in lime. The siliceous minette ores, on the other 
hand, do not disintegrate, but the lumps retain their form practically 
unaltered till they sink to the tuyere level in the blast-furnace. The 
disintegrating type of ore can neither be usefully dried nor sized before 
charging. Trials in blast-furnaces and smaller experimental furnaces 
with the graded refractory ores show that the iron produced is more 
uniform and is of a better physical and chemical character. By grading 
the ore to a size not over 24 in. a saving of 2 to 5 per cent. in coke was 
made, which was just about enough to cover the cost of interest and 
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depreciation on the crushing plant. On the other hand, the crushing 
and grading of the ore led to an increase in the quantity of flue-dust 
carried over from the furnace, and this could only be remedied by 
screening out the fines before charging and by agglomerating them in 
a sinter plant. 


Experiences with the Lurgi Sinter Apparatus. M. Blau. (Stahl 
und Hisen, 1929, Vol. 49, Mar. 21, pp. 388-392). The utilisation of 
the manganiferous ores obtained from the Geier mine at Waldalgesheim 
has been previously shown to be dependent on finding a practical 
method of sintering so as to obtain a lumpy material suitable for the 
blast-furnace. When dried at 100° C. the ores contain iron 25 to 27, 
manganese 16 to 17, silica 13 to 15, alumina 8, hydrates 8 to 10 per 
cent. They are powdery, and after sintering the agglomerate contains 
about 30 per cent. iron and 17 per cent. manganese. A Lurgi sinter 
plant fired with producer-gas from brown-coal briquettes was installed. 
The fuel consumption, however, exceeded what had been estimated, 
and a Deutz anthracite producer was substituted for the brown-coal 
gas-producer, by which the efficiency was improved. Nevertheless, 
owing to the very difficult nature of the ore, the loss in dust and smalls 
was about 26 per cent. of the theoretical output. 


The A.I.B. Sinter Plant at Messrs. Guest, Keen and Nettlefolds, Ltd., 
Cardiff Works. W. H. Simons. (Paper read before the Iron and Steel 
Institute, May 1929: this Journal, p. 89). 


Recovery of Apatite from Iron Ore Sludge by the Flotation Process. 
W.Luykenand E. Bierbrauer. (Mitteilungen aus dem Kaiser-Wilhelm- 
Institut fiir Hisenforschung, 1928, Vol. 10, pp. 317-321; Archiv fiir 
das Hisenhiittenwesen, 1928, Vol. 2, Dec., pp. 355-359). The article 
describes the treatment of the waste sludge remaining after concen- 
trating the fine dust, or “ slig,” which is magnetically separated from 
the magnetite lump ore mined at Lekomberg in the Grangesberg 
district of Central Sweden. The lump ore contains 54 to 57 per cent. 
iron, and the fines which go for concentration after dry separation 
from the lump ore contain iron 42 per cent., and 0-6 to 1 per cent. of 
phosphorus. These fines after wet magnetic concentration contain 
iron 63 per cent. and phosphorus 0-3 per cent.; the amount of waste 
sludge resulting from the process is 38 per cent. by weight of the 
total fines treated, and it contains iron 8 per cent., phosphorus 2 per 
cent. The phosphorus is mainly in the form of the non-magnetic 
compound apatite. The recovery of this apatite by the flotation 
process using sodium palmitate as a froth producer has been tried on 
a large scale with success, but in view of the high consumption of 
the reagents the process is only economically possible if the flotation 
liquor is recovered and circulated afresh. The resulting concentrate 
is 17-28 per cent. by weight of the original sludge and contains up to 
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15-7 per cent. phosphorus, the product being of value as an addition 
in furnaces running on basic pig iron, 


Metallisation of the Oxide of Iron in Ilmenite. R. J. Traill and 
W. R. McClelland. (Paper read before the American Electrochemical 
Society, May 1929). The metallisation of the iron oxide in ilmenite 
is accomplished by treating the crushed ore mixed with coal and coke 
in an oil-fired rotary kiln furnace, with the exclusion of excess air. 
The iron associated with the bulk of the titanium dioxide is separated 
from the unconsumed coal, coke, and gangue material by magnetic 
separation. Over 92 per cent. metallisation of the iron is obtained. 
Leaching of the metallised product with a suitable solvent extracts 
the iron, leaving a high-grade titanium dioxide concentrate. 


. 
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Refractory Materials. W. R. D. Jones. (Paper read before the 
Institute of British Foundrymen: Foundry Trade Journal, 1929, 
Vol. 40, Feb. 7, pp. 103-104). The chief characteristics of silica and 
fireclay refractories are dealt with. 


Some Properties of Refractories. J. B. Shaw. (Blast-Furnace 
and Steel Plant, 1928, Vol. 16, Dec., pp. 1612-1613). 


Progress in the Refractories Industry. J. S. McDowell. (Blast- 
Furnace and Steel Plant, 1929, Vol. 17, Jan., pp. 88-90, 189; Heat 
Treating and Forging, 1929, Vol. 15, Feb., pp. 187-189). A summary 
of the principal developments in the manufacture and use of refractory 
materials of various kinds. 


Developments in the Manufacture, Uses, and Applications of Re- 
fractories. M. C. Booze. (Fuels and Furnaces, 1929, Vol. 7, Apr., 
pp. 567-571). 


Latest Processes for the Production of Refractory Materials. W. 
Obst. (Feuerfest, 1929, Vol. 5, Jan., pp. 4-5). Brief notes of recent 
patent specifications and some short references to up-to-date literature 
are given. 


The Refractories Used in Metallurgy: Properties, Tests. P. Gilard. 
(Revue Universelle des Mines, 1928, Vol. 20, Nov. 15, pp. 170-202). 
The properties, uses, and tests of refractories are discussed in detail. 


Silica as a Refractory in Steel Industry. R.B.Sosman. (Paper 
read before the American Iron and Steel Institute, May 1929). The 
properties of silica are discussed under the following headings : Silica 
as raw material; melting point; thermal inversions and expansions ; 
and relations of silica to other oxides. fe 

The Physical Structure of Refractory Materials. T. 8. Curtis. 
(Journal of the American Ceramic Society, 1928, Vol. 11, Dec., pp. 904— 
916). The relation of physical structure to the performance character- 
istics is pointed out. It is shown that chemical composition is of value 
principally as a means of control of raw materials, the value of the end 
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product being determined largely by the crystallographic relationship 
existing between grain and bond. 


Appliances for the Testing of Refractory Materials. KF. Fromm. 
(Gliickauf, 1929, Vol. 65, Jan. 26, pp. 144-146). The refractories 
testing plant of the Verein zur Uberwachung der Kraftwirtschaft 
der Ruhrzechen (Society for the supervision of power economy of the 
Ruhr Collieries) at Essen is described. 


Concerning the Testing of Refractory Products. EH. L. Dupuy. 
(Paper read before the Second Congress on Industrial Heating, Paris, 
June 23, 1928: Chaleur et Industrie, 1928, Vol. 9, Nov., pp. 801-802). 


Determination of the Specific Gravity of Refractory Materials. 
E. Kithn. (Feuerfest, 1929, Vol. 5, Jan., p. 5). Very brief details 
and a photograph of the author’s “ Volumoscope ” are given; the 
determination is carried out in vacuo. 


The Thermal Expansion of Fireclay Bricks. A. EH. R. Westman. 
(Illinois University, Engineermg Experiment Station, 1928: Bulletin 
No. 181). 


Determination of the Sensitiveness of Refractory Constructional 
Materials to Variations of Temperature. W. Miehr, J. Kratzert, and 
H. Immke. (Tonindustrie-Zeitung, 1928, Vol. 52, Jan. 11, pp. 56-60; 
Jan. 14, pp. 77-78). The authors discuss present-day methods of 
determining the sensitiveness of refractories to changes of temperature ; 
a large number of tests showed that the American process indicated 
only slight differences between the bricks tested, that of the Dampf- 
kessel- Ueberwachungsverein showed larger divergences, while a new 
method, in which the rapid cooling was brought about by a jet of water 
and compressed air, made the greatest distinctions. The authors 
propose a new operating process for silica, Dinas, and highly siliceous 
fireclay bricks, and describe a special furnace in which the heating and 
cooling periods may be varied within very wide limits. 


The Failure of Refractory Materials at Very High Temperatures. 
M. W. Travers, (Chemistry and Industry, 1929, Vol. 48, Feb. 1, 
pp. 106-107). 


Mechanical Tests of Refractories at High Temperatures. E. L. 
Dupuy. (La Céramique, 1928, Vol. 31, pp. 225-230). 


A Simple Method for Determining the Cohesion of Refractory Pro- 
ducts at Room Temperature. A. Jourdain. (La Céramique, 1928, 
Vol. 31, pp. 230-238). The author describes a new test for cohesion 
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at room temperature, and discusses the mathematical physics of 
phenomena which underlie the test. 


The Effect of Substituting High-Silica Sand for Some Grades in 
Lime-Bonded Silica Bricks. W. Hugill and W. J. Rees. (Trans- 
actions of the Ceramic Society, 1929, Vol. 28, Feb., pp. 62-64). 


The Effect of Thermal Shock on the Transverse Strength of Fireclay 
Brick. C. W. Parmelee and A. EK. R. Westman. (Journal of the 
American Ceramic Society, 1928, Vol. 11, Dec., pp. 884-895). An 
apparatus is described by means of which a firebrick, initially at a 
temperature of 1100° C., could be subjected to definitely localised 
thermal stresses by cooling the centre of one face of the brick with an 
air-blast, the remaining surface of the brick being protected by insula- 
tion. By means of this apparatus, the effect of thermal shock on the 
transverse strength of twenty brands of fireclay brick was determined. 
The values obtained are compared with the other physical and chemical 
properties of the brands. The advantages and disadvantages involved 
in the use of this method as a laboratory test for the determination of 
resistance to thermal shock are discussed, 


After Diaspore—What? A. F. Greaves-Walker. (Blast-Furnace 
and Steel Plant, 1928, Vol. 16, Nov., pp. 1481-1482). The author 
points out that the reserves of diaspore, the only known commercial 
deposits of which occur in East Central Missouri, are small, and, as 
the demand for such a high-alumina refractory is great, he suggests 
as substitutes cyanite, bauxite, and Georgia kaolin. He reviews 
briefly the properties of these refractories. 


Dinas Bricks. V. E. Grum-Grjimailo. (Journal of the Russian 
Metallurgical Society, 1928, No. 3, pp. 55-60). (In Russian.) 


Tridymitisation of Dinas Bricks. V. N. Schvecov. (Journal of 
the Russian Metallurgical Society, 1928, No. 3, pp. 61-71). (In 
Russian.) 


Some Effects of Coal-Ash on Refractories. T. N. McVay and 
R. K. Hursh. (Journal of the American Ceramic Society, 1928, 
Vol. 11, Dec., pp. 868-873). The action of coal-ash on the following 
types of refractories was studied: (1) high diaspore brick; (2) fire- 
clay refractories with very little quartz; (8) fireclay refractories with 
considerable quartz ; (4) refractories containing a mixture of diaspore 
and fireclay ; and (5) andalusite refractories. The tests were carried 
out in a rotary furnace at temperatures ranging from 1500° to 1600° C. 
The phases present in the coal-ash refractory slag were identified by 
means of the petrographic microscope, and consisted of magnetite, 
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mullite, and glass. The effects of duration of slag action and slagging 
temperatures were studied. 


Effect of Typical Slags on Firebrick, with a Method of Determination 
Correlated to Service. C. E. Grigsby. (Journal of the American 
Ceramic Society, 1929, Vol. 12, Apr., pp. 241-263). An account is 
given of an investigation undertaken to determine the resistance of 
firebricks to slags encountered in service. Laboratory slag tests were 
made in a rotary slagging test furnace, which is described together 
with the method of operation. Bricks which gave the best results 
in the laboratory were tested in service in malleable iron furnaces, 
cupolas, and ladles where sodium carbonate was used. 


The Crushing Strength of Unfired Fireclay Bodies. W.C. Hancock 
and J. G. Cowan. (Transactions of the Ceramic Society, 1927-1928, 
Vol. 27, pp. 243-246). 


Results of Comparative Tests on Slag Bricks. W. Schafer. (Archiv 
fiir das Kisenhiittenwesen, 1928, Vol. 2, Dec., pp. 363-366). Com- 
pression tests on bricks of blast-furnace slag show that the form of the 
test-piece has a very considerable influence on the result. Tests were 
made on whole bricks, half-bricks, two half-bricks cemented together, 
and cubes and cylinders cut from bricks. The resistance of different 
shaped specimens from bricks of the same quality varied from 304 to 
127 kg. per sq.cm. The reason for the great divergencies is not cleared 
up and further investigations are necessary. 


Investigations of the Slagging of Refractory Materials. H. Salmang 
and F. Schick. (Archiv fiir das Hisenhiittenwesen, 1929, Vol. 2, Jan., 
pp. 439-447). The research aims at throwing light on the complex 
reactions between highly refractory silicates and fused silicates, and 
the crucible method was adopted for the purposes of studying them. 
The slag or slag constituent, the action of which it was desired to 
discover, was fused in crucibles of special design with very thick walls, 
and after completion of the melt the crucibles were sawn transversely 
in two just above the bottom, and the parts eroded by the slag were 
measured planimetrically. The erosion of the sides was not taken 
account of, and only the erosion of the bottom was measured. The 
mass from which the crucibles were made consisted of 6 parts fireclay 
and 4 parts binding clay, the composition of the crucibles being SiO, 
58-26, Al,O, 38-62, Fe,0, 1-68, TiO, 1-56, and K,O 0-81 per cent. 
The slags were synthetically compounded from oxides, silicates, phos- 
phates, carbonates, borax, and the sulphate MnS0Q,, all obtained in 


the purest possible form from a firm of chemists. In respect to the 


strength of their attack on the fireclay the oxides when heated in their 
pure form are ranged in the following order: PbO, FeO, MnO, CaO, 
Fe,03, K,0, Na,O, Mn,O3. When completely fused the above order 
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is changed for some of them, and these are then ranged as follows : 
CaO, FeO, MnO, Fe,0;, MgO. Silica and alumina act as diluents in 
respect to slag attack on the basic oxides, as is shown by the behaviour 
of open-hearth slags and cupola slags. These contain about the same 
amount of iron oxides, but differ as regards lime and silica. The open- 
hearth slag attacks basic materials strongly, but the cupola slag hardly 
at all, Slags high in lime (40 per cent.), to which iron and manganese 
oxides are added in considerable quantity, become thin fluid, and 
their attacking effect is thereby very greatly increased, as they penetrate 
the pores of the firebrick much more easily. 


Drying Cracks in Firebricks. C. E. Moore. (Transactions of the 
Ceramic Society, 1929, Vol. 28, Apr., pp. 193-203). A discussion of 
some of the causes for the occurrence of drying cracks in firebricks. 
Drying cracks as found in ordinary manufacture may be roughly 
divided into two classes. The first consists of those cases in which 
failure is due solely to the faulty conduct of the drying operation, 
whereby uneven drying and consequent strain has been produced. 
The second consists of those cases in which faulty mixing, extruding, 
moulding, or pressing provides the original cause, although, of course, 
the drying treatment may also be of great importance in determining 
the magnitude of the resultant failure. 


Stoker-Fired Tunnel Kilns Used in Burning Firebrick. D. B. 
Hendryx. (Fuels and Furnaces, 1929, Vol. 7, Feb., pp. 225-228). 
A description is given of two installations in which firebricks are made 
principally by the press process and burned in stoker-fired tunnel lulns 
of the Dressler type. 


A Tunnel Kiln Refractories Plant. B. E. Whitesell. (Journal of 
the American Ceramic Society, 1929, Vol. 12, Feb., pp. 96-106). A 
description is given of the Salina plant of the Kier Firebrick Co., 
where all the ware is fired in two hand-fired car tunnel kilns, 


Employs Tunnel Kilns for Burning Fire and Clay Brick. IF. B. 
Pletcher and W. G. Gude. (Iron Trade Review, 1928, Vol. 83, Dec. 27, 
pp. 1617-1620, 1622). Illustrated particulars are given of an in- 
stallation of tunnel-fired kilns at the plant of the Harbison-Walker 
Refractories Co., Pittsburgh. The kilns are stoker-fired and are each 
444 ft. in length. 


Refractories in the Gas Industry. E. W. Smith and H. M. Spiers. 
(Chemistry and Industry, 1928, Vol. 47, Dec. 7, pp. 1278-1284). The 
chief requirements which must be fulfilled by bricks used in the 
carbonising industry are as follows: constancy of volume, freedom 
from spalling tendency, refractoriness under load, chemical stability, 
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mechanical strength, thermal conductivity, and good shape and texture. 
These requirements are discussed, 


Properties of and Specifications for Silica Bricks for Coke-Ovens. 
H. Knuth. (Feuerfest, 1929, Vol. 5, Feb., pp. 21-26). The various 
requirements demanded of silica bricks in practice are reviewed, 
and properties and tests of which use can be made in order to judge 
the quality of the bricks are discussed. The specifications of nine firms 
and the suggestions of Endell and Pfeifer are compared. Proposals 
for uniform standardisation of silica content, refractoriness, specific 
gravity, and total porosity are put forward. 


Mortar for the Construction of Coke-Ovens. P. B. Robinson. 
(Feuerfest, 1929, Vol. 5, Feb., pp. 13-15). The most suitable mortar 
for refractory (clay) bricks appears to be a mixture of clay, grog, and 
sand in the proportions of 2:1:1. For coke-ovens where slagging 
is not to be feared and where attention can be given from time to time, 
a mixture of clay and grog alone is suitable. Jor silica bricks in coke- 
ovens, a mixture of 10 per cent. plastic clay, 30 per cent. grog, and 
60 per cent. ganister can be used ; this mixture is not suitable for gas- 
works use. To determine the behaviour of a mortar in practice, the 
author recommends loading trials and tests for its attack by slag. 


Preventing Shattered Shaft Linings. (Iron Age, 1929, Vol. 123, 
Feb. 14, pp. 480-482). Modern Refractories Laboratory is Aid to 
Research. H. R. Simonds. (Iron Trade Review, 1929, Vol. 84, 
Apr. 18, pp. 1049-1051). An account is given of the equipment used 
in the laboratory of the General Refractories Co., Baltimore, to study 
the effect of carbon monoxide on firebricks used for blast-furnace 
linings. The results of experiments show that the disintegration of 
blast-furnace linings is caused by the presence of free iron oxides in 
the brick. 


Destruction of Brick by Carbon Monoxide. EH. Diepschlag and 
K. Feist. (Blast-Furnace and Steel Plant, 1929, Vol. 17, Feb., pp. 280— 
282). An abridged translation of a German article. (See Journ. 
I. and 8.1, 1928, No. II. p. 246.) 


Employ Improved Refractory Shapes in Lining Inland Stacks. 
F. J. Binckes and H. W. Lindhardt. (Iron Trade Review, 1929, 
Vol. 84, May 9, pp. 1260-1261). Particulars are given of a firebrick 
of new design which is used in lining the blast-furnaces of the Inland 
Steel Co., Indiana Harbour. 


Refractories for the Cupola. C. E. Bales. (Transactions of the 
American Foundrymen’s Association, 1928, Vol. 36, pp. 683-696). 
A general description is given of the various processes for the produc- 
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tion of cupola blocks. Their properties and behaviour in use are also 
discussed. 


Monolithic Linings for Cupolas. G. H. Zirker. (Die Giesserei, 
1928, Vol. 15, Nov. 16, pp. 1145-1149). The author discusses the 
properties required in material to be used to make monolithic linings 
for cupolas, both from the point of view of the construction of the 
lining and with regard to the conditions which it will have to resist 
while the cupola is in operation. 


Durability of Rammed and Jolted Converter Bottoms. H. Weiss and 
P. Roller. (Stahl und Eisen, 1928, Vol. 48, Dec. 13, pp. 1737-1742). 
Trials at Volklingen have shown that the average life of a rammed 
dolomite converter bottom, 28 in. thick and about 65 in. diam., was 
38-3 charges. It was decided to adopt the jolting method for making 
these bottoms and a jolting machine was installed, which is illustrated 
and described in the article. The jolted bottom takes one-quarter the 
time to make compared with that required for making a stamped bottom, 
and the life of a jolted converter bottom is 15 per cent. longer. The 
jolting takes about 5 min. under a pressure of 8atm. For burning, the 
heating up should take 24 hr., the temperature should be maintained 
at 700° C. for 24 hr., and 48 hr. should be allowed for cooling down. 


Magnesite or Dolomite for Basic Bottoms. M. Karnaoukhov. 
(Blast-Furnace and Steel Plant, 1929, Vol. 17, Apr., pp. 545-547). 
The author deals with the use of magnesite for making up and repairing 
the bottoms of basic open-hearth furnaces. In the majority of cases 
where magnesite is used the result is said to be more profitable than 
with the use of burned dolomite alone or in mixture with a part of 
burnt magnesite, notwithstanding that magnesite is the more expensive 
material, because the clean magnesite bottom works better and requires 
less repairs than the dolomite bottom. 


Durahility of the Lining of Direct Arc Furnaces under Various 
Operating Conditions. E. Kothny. (Feuerfest, 1929, Vol. 5, Jan., 
pp. 1-3, Apr., pp. 75-80). The author reviews the replies received to 
a questionnaire circulated by the Verein deutscher Giessereifachleute, 
and discusses the durability of furnace roofs of various constructions, 
and under various conditions of operation. 


Production of Magnesia and Silica Crucibles in the Induction Furnace. 
C. N. Schuette. (United States Bureau of Mines, 1928, Reports of 
Investigations, Serial No. 2896). The author describes the production 
in the high-frequency furnace of silica crucibles of greater wall thick- 
ness than could be readily fabricated from commercial fused silica, and 
of heavy walled magnesia crucibles of great density and mechanical 
strength. Drawings are given of the methods used in the preparation of 
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the crucibles, and the method of procedure used in making the crucibles 
as well as mixes and materials are given in detail. 


Hartmann Spiral Bricks. J.Tornblad and W. B. Mitchell. (Journal 
of the West of Scotland Iron and Steel Institute, Session 1928-29, 
Vol. 36, pp. 28-34). The authors discuss the application of Hartmann 
spiral bricks for hot-blast stoves and give particulars of the saving 
effected by their use. The spiral bricks in conjunction with their 
bearer bricks can be placed on top of existing checker brickwork, but 
in the case of new stoves, the spiral brick packing can be built up right 
from the bottom of the stove, witha consequently much reduced overall 
height of such stoves. Tests have proved that a stove with an overall 
height of 55 ft. and fitted with spiral bricks alone is as efficient as a 
95-ft. stove of the same diameter, fitted with the ordinary checker 
brickwork. Spiral bricks are in use in a number of plants in the 
United Kingdom, and the results obtained by their use at the Corby 
plant of Lloyds Ironstone Co. are given. 


Checker Work for Chambers of Regenerators. W. Tafel. (Stahl 
und Hisen, 1929, Vol. 49, Mar. 14, pp. 355-356). Various arrange- 
ments of packing regenerator chambers are shown. Two methods are 
shown in which the riser bricks are set at an angle of 45° instead 
of vertically, a horizontal course being laid on each course of sloping 
bricks. By this arrangement a gain of some 20 per cent. in heating 
surface is secured. The ordinary ratio of heating surface to weight is 
25-1 sq. m. per ton, but with sloping bricks the ratio may be increased 
to 31:7 or even to 37-2, according to the thickness of brick employed. 
This advantage is however counterbalanced by certain drawbacks, and 
no particular economy is secured by the use of sloping bricks. Neither 
is there any advantage in the use of the Moll-Rhenania brick, which 
is curved, so that when courses of such bricks are built into a regenerator 
they give a passage of elliptical form alternating with one of 4 sides, 
all of which are convex. A curved brick stores and gives up no more 
heat than a flat one. 


Insulation of Coke-Ovens and Blast-Furnace Stoves with Sterchamol. 
A. Killing and K. Theis. (Gliickauf, 1928, Vol. 64, Nov. 3, pp. 1482- 
1487; Stahl und Hisen, 1929, Vol. 49, Jan. 17, pp. 65-72). In the 
construction of new coke-oven batteries and blast-furnace stoves or 
in reconstructing old ones it has become the general practice to insu- 
late them to reduce the heat losses. The material used (in Germany) 
is almost without exception sterchamol, a natural infusorial earth 
occurring in Denmark, which can be pressed into bricks of varying 
porosity, and these when fired have a crushing strength of 170 to 
1700 lb. per sq. in. Comparative temperature measurements made on 
the outside of heat-insulated coke-ovens, regenerators, and stoves, 
and on uninsulated plant are recorded. 
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In the coke-oven plant on which the tests were made the method 
of insulating was to build a casing of sterchamol brick, 44 in. thick, 
in between the firebrick lining of the regenerators and the oven walls 
and roofs, and the external casing of ordinary brick. In some cases 
a 9-in. thick casing of sterchamol brick was used. In the regenerators 
it was found that the heat losses were reduced by 48 per cent., using 
a 44-in. thick casing of sterchamol, and by 68 per cent. with one 9 in. 
thick. The insulation on the oven roofs was not so effective on account 
of the iron fittings in the roofs. The heating efficiency of the insulated 
battery of 65 Koppers ovens was 65 per cent. compared with 60 per 
cent. in the uninsulated battery. The insulation also had a beneficial 
effect on the coke at the chamber ends, the amount of coke breeze 
being reduced to one-half of that coming from an uninsulated battery. 

Blast-furnace stoves were testedin the same way. Using sterchamol 
bricks as an external covering for 60 per cent. of the surface, including 
the entire dome, the radiation and conduction losses sank from 6 to 
2 per cent., and the yield of effective heat rose from 83 to 87 per cent. 
It is reckoned that this heat economy in the utilisation of the gas would 
repay the cost of insulation in eight months. 


Refractories and Heat Insulation in Connection with Furnace Design. 
G. A. Barker. (Transactions of the American Society for Steel Treating, 
1929, Vol. 15, May, pp. 851-858). It is shown that a thin furnace 
wall of insulating material will transmit less heat than a very much 
thicker wall of solid refractory material. Refractory cements and their 
function in cutting down heat losses and protecting refractory linings 
are discussed, 


Value of Insulation in the Steel Plant. 1. M. McMillan and J. D. 
Van Valkenburgh. (Blast-Furnace and Steel Plant, 1928, Vol. 16, 
Dec., pp. 1560-1566). The authors review the various applications 
of heat insulation to furnaces and auxiliary equipment, such as blast- 
furnaces, hot-blast stoves and mains, open-hearth regenerators, and 
billet furnaces. 


The Economics of Insulating Industrial Heating Equipment. J. D. 
Van Valkenburgh. (Fuels and Furnaces, 1929, Vol. 7, Jan., pp. 49-52, 
69-70 ; Feb., pp. 277-282). The author discusses in a general way 
the insulation of ovens and furnaces, and points out with the aid of 
heat-loss charts the savings which may result from the use of various 


thicknesses of insulation. 


Diatomite. V. L. Eardley-Wilmot. (Canadian Department of 
Mines, Mines Branch, 1928, Report No. 691). The occurrence, pre- 
paration, and uses of diatomite are described. Diatomite on account 
of its relatively low thermal conductivity is one of the best-known 
heat insulators over a wide range of temperatures. 
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The Heat-Insulating Properties of Aluminium and their Application. _ 
i De Brian. (Paper read before the Second Congress on Industrial 
i Heating, Paris, June 23, 1928: Chaleur et Industrie, 1928, Vol. 9, 

Hy Nov., pp. 413-417). The author reviews the principles relating to 
the transmission of heat and the calorific properties of aluminium ; — 
he describes the Alfol insulating system in which aluminium foil is 
used as the insulating medium, and touches on the use of aluminium 
paint. 
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PROPERTIES, PREPARATION, MANUFACTURE, 
AND USES. 


FUEL TECHNOLOGY. 


The Relation between the Content of Hygroscopic Water of Solid 
Fuels, their Nature and their Calorific Power. J. Guth. (Paper read 
before the Second Congress on Industrial Heating, Paris, June 23, 
1928: Chaleur et Industrie, 1928, Vol. 9, Oct., pp. 34-36). The 
following subjects are dealt with: Hygroscopic and accidental 
humidities ; indications of hygroscopic humidity; the classification 
of coals ; and the relationship between the hygroscopic water content 
and the gross calorific power. 


The Various Methods for Calculating the Calorific Power of Solid 
Fuels. P. Jarrier. (Chaleur et Industrie, 1929, Vol. 10, Mar., pp. 107- 
112). 


Determination of the Calorific Value of Gases by Means of a Graduated 
Flask and a Junker Calorimeter by Dr. Geipert’s Method. (Gas- und 
Wasserfach, 1928, Vol. 71, July 7, pp. 660-661). 


The Influence of Incombustible Constituents on the Temperature 
of Combustion of Gaseous Fuels. F'. Schuster. (Wirme, 1928, Vol. 51, 
June 16, pp. 427-429). 


The Principles of Gas and Fuel Engineering. D. J. Demorest. 
(Fuels and Furnaces, 1929, Vol. 7, Jan., pp. 73-76, 148; Feb., pp. 209- 
212; Mar., pp. 359-361; Apr., pp. 505-510). The first article is 
concerned chiefly with the origin and nature of solid fuels, particularly 
of coal and the various compounds of which it is composed. The 
second article deals with the formation of peat bogs and the process of 
coalification. The separation of the constituents in coal by extraction 
with organic solvents is also dealt with. The third article outlines 
the nature and origin of petroleum and natural gas. The fourth 
article covers the combustion of the simple fuels, also the chemical 
reactions of their combustion, and explains combustion calculations 
with typical problems. 


eel 
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Heat Economy. J. W. Reber. (Fuel Economist, 1928, Vol. 4, 
Nov., pp. 107-110; 1929, Jan., pp. 211-213; Mar., pp. 299-302). 
The first article consists of an outline of the different types of fuels. 
The physical and chemical principles of combustion are discussed in 
the following articles. 


Fuels and their Combustion. R. Martin. (Chaleur et Industrie, 
1929, Vol. 10, Feb., pp. 87-95; Mar., pp. 149-154). The object of 
this study is to permit the rapid solution by means of graphs of some 
of the problems concerning the combustion of fuels. 


Turbulence and Vibrations in Combustion. J. Louis. (Paper read 
before the Second Congress on Industrial Heating, Paris, June 23, 
1928: Chaleur et Industrie, 1928, Vol. 9, Nov., pp. 436-447). The 
author discusses the combustion of solid fuel, the influence of the 
temperature on viscosity and its application to the gases of combus- 
tion, combustion on a grate and gaseous combustion above the grate, 
eddying in the gaseous mixture, secondary air, and the burning of 
pulverised fuel. He describes the “ Turbulateur”’ burner for pulverised 
fuel. 


Combustion with Oxygen-Enriched Air. W. Gumz. (Feuerungs- 
technik, 1928, Vol. 16, Apr. 1, pp. 73-76; Apr. 15, pp. 88-90). The 
author discusses the enrichment of the air for combustion under boilers ; 
the principal advantages to be obtained by its use are: diminution 
of the volume of waste gases ; increase in the theoretical combustion 
temperature with a reduction of the effects of dissociation, due to the 
increase in the concentration of the dissociating gases; acceleration 
of combustion accompanied by a shortening of the flame, with a con- 
sequent improvement in the effectiveness of the fire-box ; and increase 
in the radiation, following on the increased temperature and the 
greater concentration of CO, and H,O which participate in the radiation. 
The author deals with various aspects of the subject, such as the effect 
on the amounts of heat transmitted by radiation and convection, the 
possibility of fusing the ashes, re-design of the fire-box, and the economic 
viewpoint, 


= —-=> 
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The Sulphur Problem in Burning Coal. J. F. Barkley. (United 
States Bureau of Mines, 1928, Technical Paper No. 436). The subject 
is treated under the following headings : Sulphur forms in coal ; furnace 
reactions in burning coal; effect of sulphur content on clinkering ; 
sulphur in gases ; and corrosion of equipment. 
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The Importance of the Inorganic Constituents of Coal in Fuel 
Technology. K. Baum. (Gliickauf, 1928, Vol. 64, Dec. 29, pp. 1733- 
1741). The author discusses the composition of coal ash and the 
action of ash on the processes of coking and of combustion, Under the 
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latter heading he also deals with the older processes for the determina- 
tion of the melting point of the ash. He then describes Bunte and 
Baum’s new process for determining the melting point of ash; he 
reports results obtained and discusses the applicability of the process. 
He finally puts forward an explanation of the slagging of ash. 


The Study of the Process of Ignition of Solid Fuels. H. H. Greger. 
(Brennstoff-Chemie, 1928, Vol. 9, July 15, pp. 232-234). A rapid 
method for the determination of the ignition temperature of “‘ coked ” 
fuels is described, and the influence of physical factors on that tem- 
perature is discussed. 


Researches on the Ignition of Coal—The Ignition of Pure Carbon. 
L. Dunoyer. (Paper read before the Second Congress on Industrial 
Heating, Paris, June 23, 1928: Chaleur et Industrie, 1928, Vol. 9, 
Oct., pp. 43-52). 


Chemical Preparation of Mixtures of Air and of Combustible Gas, 
Vapours, or Droplets before their Combustion. A. Grebel. (Paper 
read before the Second Congress on Industrial Heating, Paris, June 23, 
1928: Chaleur et Industrie, 1928, Vol. 9, Nov., pp. 418-434). 


Contribution to the Study of the Reactivity of Fuels. Method for 
Measuring the Speed of Propagation of Combustion. C. Quillard. 
(Comptes Rendus, 1928, Vol. 187, July 9, pp. 122-124). The speed of 
propagation of active combustion in a vertical column of fuel may 
constitute a characteristic of the material which is easily determined 
and stands in direct relation with its behaviour in the gas-producer. 
Some of the fuel is placed in a quartz tube (diam. 20 mm.) arranged 
vertically over an iron sheet, forming a column about 30 cm. high. 
Combustion is effected by a measured stream of oxygen or air passed 
upwards through the tube. It was found that there was no relation 
between the ignition temperature and the speed of propagation of 
combustion. Coal submitted to combustion under these conditions 
was not completely burnt ; after the extinction of the luminous zone, 
there remained a substance resembling the original fuel which could 
be made to undergo further combustion under the same conditions. 
Although the percentage of ash increased the coal burnt faster and 
faster; indeed, the speed of propagation of combustion attained to 
a value not usually observed with ordinary coals. 


Reactivities of Solid Carbon in Fuel Processes. J. W. Cobb. 
(Lecture to the Institution of Chemical Engineers, Jan. 18, 1929: 
Gas Journal, 1929, Vol. 185, Jan. 23, pp. 222-225). 


Coal Blending for Combustion. D. Brownlie. (Hngineering and 
Boiler House Review, 1929, Vol. 42, Feb., pp. 400-401). The 
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importance of blending, American practice, and smoke abatement are 
briefly discussed. 


The Consumption of Fuel in Metallurgical Works. LL. Bassal and 
Rocaut. (Paper read before the Second Congress on Industrial Heating, 
Paris, June 23, 1928: Chaleur et Industrie, 1928, Vol. 9, Nov., pp. 744— 
761). 


Graphic Expression of Practical Industrial Thermal Balances. 
H. Carra and C. Ponson. (Paper read before the Second Congress on 
Industrial Heating, Paris, June 23, 1928: Chaleur et Industrie, 1928, 
Vol. 9, Nov., pp. 449-466). 


Developments in Steam Boilers and the Use of Steam. O. Koster. 
(Stahl und Eisen, 1928, Vol. 48, Oct. 25, pp. 1497-1505; Nov. 1, 
pp. 1537-1545). After reviewing the general engineering progress 
in the use of steam and design of steam boilers the author proceeds 
to describe the methods of construction and to illustrate a number of 
modern types of high-pressure boilers. Among these are the Garbe, 
Diirr, Biittner, Babcock-Wilcox, Combustion Engineering Co., Linke- 
Hofmann (for powdered coal-firing), Atmos, Sulzer (two-stage pres- 
sure), Benson (for powdered coal-firing), and a proposed boiler for 
blast-furnace gas-firing. The arrangements for powdered coal-firing are 
particularly discussed. 


Boiler-House Operation. M. G. Wallace. (Fuel Economist, 1928, 
Vol. 4, Nov., pp. 77-79 ; Dec., pp. 129-131 ; 1929, Jan., pp. 181-183). 


New Boiler-House and Power Plant. H.T. Watts. (Blast-Furnace 
and Steel Plant, 1929, Vol. 17, Jan., pp. 166-170). The power plant 
of the Gulf States Steel Co., Alabama, is described. The boilers are 
fired with a combination of blast-furnace gas and pulverised fuel ; 
the steam pressure is 400 Ib. per sq. in., and the temperature of super- 
heat is 700° F. (370° C.). 


The Hagan System of Automatic Boiler Control. (Hngineering, 
1929, Vol. 127, Feb. 22, pp. 247-248). 


Recent Developments in the Economical Generation of Steam by 
Blast-Furnace Gas. A. H. Leek. (Proceedings of the Cleveland 
Institution of Engineers, Session 1928-29, No. 1, pp. 12-86). In 
dealing with the economical generation of steam, the author points 
out the economies which can be effected by the introduction of super- 
misers in boiler plants. He describes an installation of supermisers 
where the boilers are fired with blast-furnace gas, 


Supermiser Installation at Ellesmere Port. (Engineering, 1929, 
Vol. 127, Mar. 15, pp. 328-330). The general arrangement of the 
supermiser installation at Ellesmere Port Works of the Wolverhampton 
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Corrugated Iron Co., Ltd., is described and illustrated, including an 
illustration showing a diagrammatic section through the supermiser 
itself. The plant is designed for use with a battery of four 30 ft. by 9 ft. 
Lancashire boilers, of which three units are normally working. The 
capacity of the plant was made suitable for an evaporation of 30,000 lb. 
per hr. with steam at 160 lb. per sq. in. superheated 150° F., the feed- 
water inlet to the supermiser being at 120° F. 

Steam Accumulator Installation at Steelworks. (Engineering, 1929, 
Vol. 127, Jan. 18, pp. 73-76). An illustrated account is given of the 
Ruths steam accumulator installation at the River Don Steelworks, 


Sheffield. 


Constant Pressure Thermal Storage. EH. G. Phillips. (Paper read 
before the Institution of Heating and Ventilating Engineers: Fuel 
Economist, 1928, Vol. 4, Dec., pp. 131-136). The Kiesselbach system 
of thermal storage is outlined and its advantages are discussed. 


Results obtained with the Sack and Kiesselbach Steam Accumulator 
Installed at Differdange. Communication from the Fuel Department 
of the Differdange Works. (Paper read before the Second Congress 
on Industrial Heating, Paris, June 23, 1928: Chaleur et Industrie, 
1928, Vol. 9, Nov., pp. 716-722). 


Steam Accumulators. A. Beaurienne. (Paper read before the 
Second Congress on Industrial Heating, Paris, June 23, 1928: Chaleur 
et Industrie, 1928, Vol. 9, Nov., pp. 705-714). A general discussion 
of accumulators, such as those of Christians, Kiesselbach, and Ruths. 


A General Account of Recent Progress in Industrial Heating. E. 
Damour. (Paper read before the Second Congress on Industrial 
Heating, Paris, June 23, 1928: Chaleur et Industrie, 1928, Vol. 9, 
Oct., pp. 9-13). 


Testing and Rating of Fuel-Fired Industrial Furnaces. W. C. Buell, 
jun. (Fuels and Furnaces, 1928, Vol. 6, Nov., pp. 1505-1510; Dec., 
pp- 1713-1714, 1720 ; 1929, Vol. 7, Feb., pp. 243-246 ; Mar., pp. 375— 
377; Apr., pp. 559-562, 571). A classification is given of the various 
methods of testing furnaces, and their use and relative values are 
pointed out. Determination of heat balances and the calculation of 
efficiency of furnaces, heat recovery, and heat generating apparatus 
are dealt with. The characteristics of the different fuels used for test 
purposes and the systematic recording of test data and charts are 
discussed in detail. 


Tests on the Heating of a Continuous Furnace with a Mixture of 
Blast-Furnace Gas and Pulverised Fuel, with the Possibility of Con- 
tinuing the Heating with Pulverised Fuel Alone. G. Rey. (Paper 
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read before the Second Congress on Industrial Heating, Paris, June 23, 
1928: Chaleur et Industrie, 1928, Vol. 9, Oct., pp. 117-131). The 
author discusses the heating of continuous furnaces with a mixture of 
blast-furnace gas and pulverised fuel, and describes tests made and the 
results obtained at the Creusot Works. 


Evolution in the Conception of Continuous Furnaces and the Method 
of Heating Them. A. Hirt. (Paper read before the Second Congress 
on Industrial Heating, Paris, June 23, 1928: Chaleur et Industrie, 
1928, Vol. 9, Nov., pp. 369-377). 


Consumption of Fuel in Pusher Furnaces. M. Laffargue. (Paper 
read before the Second Congress on Industrial Heating, Paris, June 23, 
1928: Chaleur et Industrie, 1928, Vol. 9, Nov., pp. 379-383). 


The Total Radiation of Solid Bodies. H. Schmidt and HE. Furth- 
mann. (Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Hisen- 
forschung, 1928, Vol. 10, pp. 225-264). The authors discuss the theory 
of the measurement of radiation with reference to its dependence upon 
the angle of emission, and describe their experimental apparatus, 
procedure, and results. Total emissivity values are recorded for a 
number of metals and non-metallic materials, including iron, nickel, 
oxidised iron, and an aluminium paint. A comparison is made with 
Maxwell’s theory. 


The Transmission of Heat by Convection in Industrial Plants. A. 
Lévéque. (Paper read before the Second Congress on Industrial 
Heating, Paris, June 23, 1928: Chaleur et Industrie, 1928, Vol. 9, 
Nov., pp. 397-409). 


Heat Recovery by Air Preheaters. P. H. N. Ulander. (Fuel 
Economist, 1929, Vol. 4, Feb., pp. 231-235). It is shown how the 
efficiency of a heat recovery apparatus constructed to work on the 
counterflow principle varies with the ratio between the flue gas and air 
quantities (#). Similar equations are valid for uni-flow and cross-flow. 
For modern pulverised fuel-fired boilers the method of introducing 
the air to the furnace and the adaptation of the mills to the use of 
preheated air should be given special attention. It is a problem of 
the greatest importance how to maintain a low first cost and obtain a 
high efficiency in a boiler-house. With feed-water heating by steam 
drawn from the main turbines this can only be attained by an efficiently 
and effectively working air preheater, which reduces the flue gas 
temperature by 300° to 500° F., or more. The ratio ¢ imposes definite 
limitations on the air preheater efficiency, and has, therefore, direct 
influence on the economies of the boiler-house. 


Study of Reheating Furnaces with Recuperators in which Part of 
the Heating Gases are Deflected. J. Seigle. (Génie Civil, 1929, Vol. 94, 
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Jan.5, pp. 7-12). Four systems of preheating air and gas are described : 
I., Simple recuperation; IL., Part of the gases are drawn off from 
the middle of the furnace and used in the recuperator; remainder 
goes to the chimney. Less gas is used for preheating, but its tempera- 
ture is higher ; II1., Part of the burnt gases are drawn off close to the 


_. burners and are used in regenerators (Siemens system) ; IV., The gas 


is preheated in a recuperator, while the air is heated in separate Cowper 
stoves. The author makes a mathematical comparison of the types, 
and gives two examples of large furnaces operating on system III., 
one at Differdange and the other at Belval, Luxemburg. 


Existence and Determination of an Economic Speed of Circulation 
of Gases in Surface Heat Exchangers. M. Véron. (Paper read before 
the Second Congress on Industrial Heating, Paris, June 28, 1928: 
Chaleur et Industrie, 1928, Vol. 9, Nov., pp. 698-704). 


Note on Metallic Recuperators and Apparatus for the Production 
of Hot Air. M. Choisy. (Paper read before the Second Congress on 
Industrial Heating, Paris, June 23, 1928: Chaleur et Industrie, 1928, 
Vol. 9, Nov., pp. 695-697). The utilisation of the heat in waste gases 
and the calorisation (surface treatment of mild steel with aluminium) 
of metallic heat exchangers are discussed. The recuperator at the 
Conservatoire des Arts et Métiers is described. 


The Winkler Recuperative Smoke Consumer. ©. A. Winkler. 
(Paper read before the Second Congress on Industrial Heating, Paris, 
June 23. 1928: Chaleur et Industrie, 1928, Vol. 9, Nov., pp. 499-501). 


The Influence of Preheating on the Theoretical Temperatures of 
Combustion of Gaseous Fuels. F. Schuster. (Gas- und Wasserfach, 
1928, Vol. 71, Aug. 4, pp. 759-761). 


The Course of Gas and Air Temperatures in Heat Exchangers. 
K. Rummel and A. Schack. (Archiv fiir das Hisenhiittenwesen, 1929, 
Vol. 2, Feb., pp. 473-479). The article is mainly mathematical, and 
the authors’ work consists in having derived a number of formule 
for calculating the periodic mean temperatures of the waste gas and 
heated air, and the regularly varying temperature in the regenerator. 
The effect of sudden changes and of regular change in the heat through- 
put of regenerators and recuperators is studied, and the manner in 
which the equations are thereby affected is shown. Graphic repre- 
sentation of the formule is made. 


The Theory and Application of Regenerative Principles in the Steel 
Industry. T. J. McLoughlin. (Paper read before the American 
Iron and Steel Institute, May 1929). Thickness of brick and area of 
openings, effect of increased checker depth, efficiency of regenerators, 
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heat balance of furnace and regenerator, air infiltration, effect of insula- 
tion, use of increased regenerator heating surface, distribution of waste 
‘gases and air in regenerator chambers, influence of reversal period, dust 
deposits, regeneration in blast-furnace stoves, regeneration application 
to soaking pits, and regenerator application to reheating furnaces, are 
discussed. In any metallurgical operation, and especially those in the 
course of which a combustible gas is evolved, those factors which deter- 
mine the most efficient design of heat recovery apparatus are by no 
means constant. To show the variation in these factors a typical open- 
hearth heat made with by-product coke-oven gas was chosen, and 
observations made at 5-min. intervals. The fuel supply varied from 
95,500 cu. ft. per hr. to 53,800 cu. ft. per hr. as a minimum. 

Variation in the volume of waste gases at a temperature of 2800° F., 
the temperature at which the gases should enter the regenerative 
chamber of a well-built open-hearth furnace, varied from 3,600,000 to 
4,800,000 cu. ft. per hr., although one peak ran up to 6,400,000 cu. ft. 
per hr. This gives some idea of the changes in velocity at the entrance 
to checker openings of a regenerator, and serves to explain some of 
the changes in air temperature encountered in successive cycles of 
regeneration. . 

Density of waste gases varied from 0-0114 to 0-0119 (at 1400° F.), 
and the mean specific heat of the waste gases while in the checker work 
(2800° to 1400° F.) varied from 0-230 to 0-246 B.th.u. These figures 
serve to illustrate the reasons for the ever-changing rate of heat transfer 
as well as the low rates of heat transfer in the lowest portion of the 
chambers. 

In order to exemplify the extent to which regeneration can be 
carried, and to show its effect, three heat balances were made. The first 
was an actual balance taken on a tar-burning open-hearth furnace, 
which had a relatively small checker chamber and a high rate of fuel con- 
sumption per ton of steel. The second showed that if the furnace was 
producing at the same rate, but double the waste heat was being returned 
in preheated air, the fuel was reduced from 2473 Ib. per hr. to 1489 lb. 
per hr. If the fuel consumption could be maintained at the original 
rate, the improved regenerator performance hypothecated in the second 
example would increase the rate of production 66 per cent. and reduce 
the fuel requirements 40 per cent. These figures are indicative of 
trend only,'since all of this heat cannot be used with known refractories. 

One of the most serious handicaps to the maintenance of high 
temperatures is air leakage. In an excellently working open-hearth 
furnace there is an average drop in temperature of 500° F. in the waste 
gases from the outgoing end of the bath to the entrance to the re- 
generative chamber. This is due to radiation from port ends and to 
dilution of the hot waste gas with cold air entering the furnace system. 
Dilution of 30 per cent. is commonly indicated by analyses of waste 
gases. This decreases the sensible heat nearly 20 per cent. 

Calculated heat balances of an uninsulated open-hearth regenerative 
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chamber show the heat lost by radiation from a 134-in. roof to be 
1750 B.th.u. per sq. ft. per hr. 

Studies of distribution of gas in the checker work indicate that 
faulty distribution even in a new chamber is responsible for a dis- 
appointingly low rate of heat transfer. To help to correct this situation 
the distance from roof to top of checker work should decrease with 
increasing distance from the furnace end; an opposite change should 
be made in the size of the passages below the checker work. Thus a 
uniform depth of checker brick is possible in a rectangular chamber— 
a circumstance which produces theoretically a uniform draught at the 
base of each vertical opening. 


The Effect of the Dust Deposit on the Efficiency of the Heat Storage 
Capacity of Checkers. A. Schack. (Archiv fiir das Eisenhiittenwesen, 
1928, Vol. 2, Nov., pp. 287-291). A series of mathematical calculations 
is made as to the quantity of heat exchanged between the brickwork 
of the checkers and the gases during the heating and cooling periods 
of furnace regenerators. It is first assumed that the heat exchanger 
is an ideal one, and that the alternating periods of storing heat and 
giving out heat proceed under perfect conditions, heat losses to the 
exterior being ignored. The effect of a layer of material which is a 
bad heat conductor and without capacity for heat storage is then 
considered, and under such conditions the heat transfer value of the 
heat exchanger is reduced by 19 per cent. by a layer 3-mm. thick. A 
distinction is drawn between actual weight of checker brickwork and 
effective weight. The thicker the bricks and the shorter the period 
of heating and cooling, the smaller is the proportion of effective brick- 
work to the whole. It may be calculated that in the case of steel 
furnaces the proportion of effective brickwork is 50 per cent. of the 
whole, while in blast-furnace stoves it may be 80 per cent. of the whole. 
In the discussion on the paper it was pointed out that the author’s 
assumption that layers of dust were bad heat conductors, with no 
capacity for heat storage, was not quite tenable, since the dust was 
often of a composition that allowed a better conduction of heat than 
the firebrick itself. Its character was variable in this respect, but in 
any case the heat conductivity of the dust was higher than had been 
allowed for. 


The Calculation of Heat Storers on the Basis of the Throughput of 
Heat. K. Rummel. (Stahl und Hisen, 1928, Vol. 48, Dec. 6, pp. 1712— 
1715). This is a mathematical calculation of the dimensions and 
weight of checkers of regenerator chambers based on the quantity of 
heat exchanged between reversals of the furnace. The calculations 
are based on formule already established for recuperators. It is diffi- 
cult to make an accurate calculation of the correct thickness of the 
checker bricks to meet different conditions, and after giving various 
values from which to derive a formula, it is concluded that it is 
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uneconomical to go below 30 mm. (14 in.) asa minimum or above 80 mm. 
(34 in.) as a maximum thickness. The thickness can range between 
these two dimensions according to whether greater or less differences 
between the maximum and minimum temperatures of the gas are 
desired, and in any case the thicker the bricks the more costly is the 
construction of the regenerator. The passages should be as narrow 
as possible, consistent with their not being too easily choked. It is 
an advantage to have high and narrow chambers, as this allows a 
higher velocity of gas and air and a more rapid heat transference. 
The best method of packing has not yet been properly worked out. 
Grid packing to produce eddying increases the rate of heat trans- 
ference, but it is not certain whether this advantage is discounted by 
the increased resistance to flow. 


The Periodic Temperature Change in the Regenerator. A. Schack. 
(Archiv fiir das Hisenhiittenwesen, 1929, Vol. 2, Feb., pp. 481-486). 
The author calculates the differential equations for the periodic tem- 
perature change in furnace regenerators. Proposals are made for the 
construction of regenerators with non-uniform heat storage capacity. 
In order to reduce the objectionable drop in temperature in the heated 
air on leaving the regenerator the upper part of the chamber is to be 
filled with checkers of a greater heat storage capacity than the checkers 
in the remainder of the space. 


Heat Exchange in Regenerators. H. Hausen. (Zeitschrift des 
Vereines deutscher Ingenieure, 1929, Vol. 73, Mar. 30, pp. 431-433). 
The periodic temperature variations in regenerators are dealt with 
mathematically. 


Contribution to the Calculations of Regenerators. D. Chernobaeff. 
(Journal of the Russian Metallurgical Society, 1928, No. 1, pp. 85-90). 
(In Russian.) 


Gas Flow through Packed Columns. 5. P. Burke and W. B. 
Plummer. (Industrial and Engineering Chemistry, 1928, Vol. 20, 
Dec., pp. 1196-1200). Results are reported of numerous tests on 
the pressure drop for air flowing at various rates through systems 
packed with spheres. Since both the exponent and the coefficient 
of the general expressions connecting gas flow and pressure drop vary 
continuously over the range from viscous to turbulent flow, it has been 
found desirable to adopt the procedure used by various authorities 
in treating the subject of gas flow in pipes, and to represent all cases 
by one general expression containing a variable coefficient, which may 
be represented by a smooth curve. This general expression for gas 
(or other fluid) flow through packed spaces is— 
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The variable coefficient is a function of, and is plotted against, uS/pV. 
In use it is only necessary to evaluate wS/pV for the given case, read 
off C, and apply the general equation, without consideration as to the 
character of the flow, since this is taken care of by the plot of C. 


COAL. 


Microstructure of New Zealand Lignites. W. P. Hvans. (New 
Zealand Journal of Science and Technology, 1928, Vol. 10, Oct., 
pp: 177-190). The conclusion of a series of articles (see Journ. I. and 
8.1., 1928, No. Hl. p. 259). The present instalment completes the 
consideration of lignites subjected to the influence of igneous intrusions, 
and deals with lignites from the C. Brockley Mine, Pullwool Peak, 
Malvern Hills, North Canterbury. 


The Microscopic Structure of Coal. M. Le Graye. (Revue Uni- 
verselle des Mines, 1929, Series 8, Vol. 1, Jan. 1, pp. 17-21). The 
author discusses the various constituents of coal which may be recog- 
nised microscopically. 


Application of X-Rays to the Control and Examination of Mineral 
Fuels. L. Dauvilliers. (Paper read before the Second Congress on 
Industrial Heating, Paris, June 23, 1928: Chaleur et Industrie, 1928, 
Vol. 9, Oct., pp. 73-81). 


The X-Ray Analysis of Coal: The Radiographic Variables and their 
Control. C. N. Kemp. (Transactions of the Institution of Mining 
Engineers, 1929, Vol. 77, pp. 175-185). 


A Note on the Mineralogy of Coal, as Suggested by X-Ray Examina- 
tion. H. Briggs. (Transactions of the Institution of Mining Engineers, 
1929, Vol. 77, pp. 5-10). 


The Appearance of Coals, Oil Shales, and Other Mineral Substances 
in Ultra-Violet Rays. H. Briggs. (Transactions of the Institution 
of Mining Engineers, 1929, Vol. 77, pp. 11-15). A table is given which 
sets forth the results of an inspection of a number of economic minerals 
and their associates, their colour in lump in daylight and under ultra- 
violet rays being stated in every instance, and the appearance of the 
streak (powder) in most cases. 


The Microscopical Examination of Fine Coal-Cleaning Products 
by the Method of Relief-Polishing. KE. Stach and F. L. Kuhlwein. 
(Fuel in Science and Practice, 1929, Vol. 8, Apr., pp. 191-198). An 
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English translation of an article which appeared in Glickauf, 1928, 
Vol. 64, June 23, pp. 841-845. (See Journ. I. and 8.1, 1928, No. I. 
p. 258.) 


The Maceration Method in the Microscopic Examination oi Coal. 
H. Bode. (Fuel in Science and Practice, 1929, Vol. 8, Feb., pp. 86-90). 
An English translation of an article which appeared in Berg-Technik, 
1928, Vol. 21, p. 205. The principle of the maceration method is 
described. 


Constitution and Classification of Coal. A. C. Fieldner. (Fuel 
in Science and Practice, 1929, Vol. 8, Jan., pp. 36-54). Coal should be 
classified primarily on the basis of its intrinsic chemical and physical 
properties. These properties involve the origin, composition, and 
constitution of the coal. Use classification should be secondary to 
scientific classification and should be correlated with the scientific 
classification as far as possible. Scientific classification depends on 
two primary factors—first, the composition and type of the original 
coal-forming vegetation ; and, second, the degree of metamorphism 
or coalification of the vegetable residue. The first factor is exemplified 
broadly in the type of the coal, as xyloid, canneloid, or boghead ; the 
second factor in the progressive rank of the coal as expressed in the 
series from lignite to anthracite. The criteria to be considered for 
classifying under these two general factors are proximate and ultimate 
analyses, calorific values, microscopic examination, extraction with 
solvents, reaction with reagents, and destructive distillation. 


The Constitution and Origin of Fibrous Coal. K. Patteisky and F. 
Perjatel. (Gliickauf, 1928, Vol. 64, Nov. 10, pp. 1503-1512). 


Some Physico-Chemical Properties of Coal and its Colloidal Structure. 
H. Winter. (Gliickauf, 1928, Vol. 64, Dec. 15, pp. 1686-1687). 


Studies in the Composition of Coal. The Rational Analysis of Coal. 
W. Francis and R. V. Wheeler. (Journal of the Chemical Society, 
1928, Part II., pp. 2967-2978). 


Studies in the Composition of Coal. The Active-Decomposition 
Point of Coal. R. Holroyd and R. V. Wheeler. (Journal of the 
Chemical Society, 1928, Part Il., pp. 3197-3203). 


Studies in the Composition of Coal. Plant Entities as Oil-Yielding 
Constituents. R. Holroyd and R. V. Wheeler. (Journal of the 
Chemical Society, 1929, Part I., pp. 633-641). 


The Importance of the Phosphorus Contents for the Formation of 
Fusain. I. Buchler. (Gliickauf, 1929, Vol. 65, Feb, 2, pp. 161-164). 


—— 
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After a reference to the more important previous experimental results, 
determinations of the phosphorus contents of fusain are recorded. It 
appears that the presence of phosphorus in the products of the coal- 
forming process is not due to later accidental deposits, but is due to 
the manner and intensity of the process itself. It is shown that the 
phosphorus content is of importance in explaining the actual formation 
of coal. Phosphates are absent: (1) when the coal-forming process 
has led to the formation of humic acids (durain and vitrain), and 
(2) when sulphuric acid in quantity sufficient to dissolve them has 
been liberated (strongly pyritic fusain). The presence of phosphoric 
acids in fusain indicates the occurrence of a condition of equilibrium 
during the coal-forming process, in which the hydrogen sulphide had 
sufficed to prevent the formation of humic acids. From the co-existence 
of fusain and primarily formed pyrites it is concluded that the forma- 
tion of fusain is not dependent on external influences, but is the result 
of reducing conditions produced by the decomposition of the organic 
matter itself. 


Heating Value of Coal in Nickel-Lined Bombs. A. E. Stoppel and 
E. P. Harding. (Industrial and Engineering Chemistry, 1928, Vol. 20, 
Nov., pp. 1214-1218). A rapid method has been developed for deter- 
mining the amount of nickel dissolved in a nickel-lined bomb by action 
of the nitric and sulphuric acids resulting from the combustion. This 


~ method involves merely a titration of the bomb washings for free acid 


in the usual way by means of standard alkali and methyl-red indi- 
cator, followed by a continuation of the titration in hot solution 
with the same standard alkali solution to a second end-point, using 
phenolphthalein as indicator. The heat of solution of nitric acid on 
the bomb lining has been determined, and directions are given for 
making a correction for corrosion in determining the water equivalent. 

A method is proposed for making a correction for corrosion in 
determining the heating value of coal, which involves merely a titration 
of the bomb washings for free acid, and for combined acid, and a 
knowledge of the total percentage of sulphur in the coal. Heating 
values obtained by this method agree within 0-3 per cent. of those 
determined on the same coal by means of a non-corrodible illium bomb 
for coals containing up to 9 per cent. sulphur. 


The Chemical Utilisation of Coal. C. Berthelot. (Mémoires de la 
Société des Ingenieurs Civils de France, 1928, Vol. 81, Sept.—Oct., 
pp. 1105-1180 ; Bulletin de la Société d’Encouragement pour V Industrie 
Nationale, 1928, Vol. 127, July-Aug.Sept., pp. 822-854). 


Second Progress Report of the Dominion Fuel Board, 1923-1928, 
Ottawa. This report reviews briefly the work of the Board, outlines 
the present fuel situation in Canada, and shows the possibilities for 
the more efficient and diversified uses of coal. 
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The Relationship between the Specific Gravity and Ash Contents of 
the Coals of Korea and Bokaro : Coals as Colloid Systems. L. L. Fermor. 
(Records of the Geological Survey of India, 1928, Vol. 60, pp. 313- 
357). 


The Past, Present, and Future of Illinois Coals. 5S. W. Parr. (Paper 
read before the American Iron and Steel Institute, May 1929). A 
general discussion of the characteristic features and properties of 
Illinois coals. 


The Grading and Sampling of Coal. N. Simpkin. (Paper read 
before the Manchester Geological and Mining Society, Nov. 13, 1928: 
Colliery Guardian, 1928, Vol. 137, Nov. 16, pp. 1952-1953). 


Spontaneous Combustion in Coal Storage Dumps. D. Brownlie, 
(Engineering and Boiler House Review, 1928, Vol. 42, Dec., pp. 281- 
284). A survey of the chemical reactions involved. 


Spontaneous Combustion of Stored Coal. A. F. Ward. (Blast- 
Furnace and Steel Plant, 1929, Vol. 17, Feb., pp. 298-301). The causes 
leading to the ignition of bituminous coals in heaps are reviewed, and 
safeguards are suggested. 


The Spontaneous Combustion of Semi-Coke from Brown-Coal ; 
Its Causes and Prevention. P. Rosin. (Fuel in Science and Practice, 
1929, Vol. 8, Feb., pp. 66-78). An abridged English translation of 
an article which appeared in Braunkohle, 1928, Vol. 27, pp. 241-256, 
282-292. There are three methods of cooling semi-coke so as to 
avoid spontaneous combustion: (1) Artificial ageing; (2) treatment 
with carbon dioxide ; (3) addition of magnesium chloride or ammonium 
chloride to the coal. All three processes may be used in combination 
with each other. It is possible in this way to prevent the spontaneous 
combustion of brown-coal semi-coke and to remove the barrier which 
stands in the way of its industrial application. 


Economics of Coal Production and Distribution. (Iron and Coal 
Trades Review, 1928, Vol. 117, Nov. 23, pp. 757-759). Summaries 
are given of three papers dealing with the economics of coal production 
and distribution presented to the Institute of Fuel, Nov. 1928. The 
production of coal is dealt with by G. Raw; its proper preparation 
for the market by H. Louis; and its marketing by R. Addy. 


The Cost of Clean Coal. C. W. H. Holmes. (Gas World, 1929, 
Vol. 90, May 11, Annual Coal Supplement, pp. 16-18). Some notes 
are given on the relationship between the cost of production of clean 
gas coals and their ash contents. 
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The Preparation of Coal. H. Louis. (Paper read before the 
Institute of Fuel, Nov. 21, 1928: Colhery Guardian, 1928, Vol. 137, 
Nov. 30, pp. 2163-2164). 

Coal Used in its Raw State. W. J. Drummond. (Paper read 
before the North-East Coast Institution of Engineers and Shipbuilders, 
Jan. 11, 1929: Iron and Coal Trades Review, 1929, Vol. 118, Jan. 18, 
p. 79). The subject is discussed under the following headings: Pre- 
paration of coal; collection of dust in dry cleaning plants ; losses in 
coal cleaning ; pulverised coal ; pulverised fuel with high ash content ; 
and oil versus coal. 


Progress in Coal Preparation during 1928. R. V. Wheeler. (Iron 
and Coal Trades Review, 1929, Vol. 118, Jan. 25, p. 120). 


The Principles of the Cleaning of Coals. R. Lessing. (Paper read 
before the Second Congress on Industrial Heating, Paris, June 23, 
1928: Chaleur et Industrie, 1928, Vol. 9, Oct., pp. 37-41). The 
author discusses the importance of mineral matter in relation to the 
formation of coal, and its distribution according to size. In considering 
the cleaning of coal the influence of ash considered as inert matter is 
dealt with, and the specific advantages of its perfect separation are 
pointed out. The influence of catalysts on carbonisation is touched 
upon. 


Pneumatic or Dry Cleaning of Dry Bituminous Coal. ©. Enzian. 
(Proceedings of the Engineers’ Society of Western Pennsylvania, 1929, 


Vol. 45, Feb., pp. 38-56). 


New Processes for the Dry Preparation of Coal. W. B. Gutacker. 
(Montanistische Rundschau, 1929, Vol. 21, Feb. 16, pp. 81-86). The 
author classifies dry cleaning machines into three groups: (1) Classi- 
fying tables with steady or intermittent air-blast; (2) machines in 
which advantage is taken of the action of centrifugal force and of 
frictional and elastic differences in the coal; (3) appliances in which 
cleaning is carried out by the admixture of sand, air being blown 
through the mixture. Various machines are described. 


The Screening of Small Coal. A. N. H. Slade. (Colliery Engineer- 
ing, 1929, Vol. 6, Mar., pp. 101-104; Apr., pp. 1382-133). 


Coal Sizing with Revolving Screens. 8. Austin. (Colliery En- 
gineering, 1928, Vol. 5, Dec., pp. 485-486). Points in the design and 
maintenance of revolving screens are discussed, and particulars are 
given of capacities. 


The Lockwood Dry Cleaning Process. A. Grounds. (Fuel 
Economist, 1928, Vol. 4, Nov., pp. 103-105). 


——a 
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The Bamag-Meguin Dry Coal Cleaning Process. (fron and Coal 
Trades Review, 1929, Vol. 118, Jan. 4, pp. 18-14). The general plan 
of the Bamag-Meguin dry-cleaning table and the arrangement and 
methods of operation of the entire plant are illustrated. The results 
of tests on a demonstration plant are given. 


Note on the Mechanical Preparation of Coal by Means of the Sutton- 
Steele and Steele Pneumatic Tables, and the Resulting Advantages. 
R. Genel. (Paper read before the Second Congress on Industrial 
Heating, Paris, June 23, 1928: Chaleur et Industrie, 1928, Vol. 9, 
Oct., pp. 63-67). The following subjects are dealt with : The develop- 
ment of dry-cleaning in America and England, problems met with in 
pneumatic separation, the influence of the humidity of the coal, the 
collection and utilisation of dust, economic considerations. The Wye 
separator and its operation are described. 


Methods of Control and the Regulation of Coal-Washers. P. Guinard. 
(Revue de l’Industrie Minérale, 1929, Feb. 15, pp. 207-215). The 
ordinary system of controlling coal-washers necessitates the making 
of a large number of assays for the ash contents—a slow process. The 
washing itself depends on the relation between the density of the coal 
and its ash contents, and the author applies this characteristic (the 
density) to the control of the washer. 


Coal Washability Tests as a Guide to the Economic Limit of Coal 
Washing. G. 8. Scott. (American Institute of Mining and Metal- 
lurgical Engineers, 1929, Technical Publication No. 159). The object 
of the paper is to show that the highest economic purity of washed coal 
can be determined from washability studies of the raw coal, costs of 
mining and washing coal, and data on the effect of ash and sulphur 
on the value of the coal for the particular use for which it is intended. 
The case of coal washed for the production of blast-furnace coke is 
used to illustrate the method of determination of what percentage, 
if any, should be rejected as impurity ? The various factors entering 
into the problem may be listed as follows: (1) cost of mining ; (2) cost 
of washing ; (3) cost of transportation ; (4) cost of coking; (5) value 
of by-products ; (6) cost of taking care of coke ash in blast-furnace ; 
(7) cost of taking care of coke sulphur in blast-furnace. The necessary 
computations are set forth, and the particulars are summarised in 
graphic form. 


The Laws of Motion of Particles in a Fluid. R.G.Lunnon. (Trans- 
actions of the Institution of Mining Engineers, 1929, Vol. 77, pp. 65- 
75). The author deals with the general problem of the fall of particles 
of different diameters and densities in fluids of different densities, and 
shows the limitations of Rittinger’s law. 
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Specific Gravity and Determination of the Ash Contents by Washing 
Tests. W. Gross. (Kohle und Erz, 1928, Vol. 25, June 3, pp. 415- 
427). The author describes an apparatus for the carrying out of 
washing tests in the laboratory. 


The Theory of Coal Washing. A. France. (Paper read before the 
Second International Conference on Bituminous Coal, Nov., 1928: 
Tron and Coal Trades Review, 1929, Vol. 118, Feb. 1, p. 178). The 
principle of the Rheolaveur coal-washing system is described. 


The Ekof Desliming Classifier. J. W. Wardell. (Colliery Engineer- 
ing, 1928, Vol. 5, Dec., pp. 493-495). A description is given of the 
Ekof machine, which consists of a fine coal classifier and deslimer. 
The advantages to be obtained with the use of this apparatus are 
enumerated. 


Coppée Washing Plant at the Loanhead Colliery. W. Maclaren. 
(Colliery Guardian, 1928, Vol. 137, Dec. 7, pp. 2251-2255). An illus- 
trated account is given of the general arrangement and operation of 
this new washery, together with particulars of operating results. The 
plant, which is designed on the Baum principle, has a capacity of 
120 tons of small coal per hour. 


The Norton Patent Automatic Washery. (Colliery Guardian, 1928, 
Vol. 137, Dec. 7, pp. 2265-2266). The Norton patent automatic 
coal washery, which is operated on the Baum principle, is described 
and illustrated. 


A Description of the Opening of an Anthracite Colliery and the 
Installation of a Modern Washing and Cleaning Plant. J. D. Morgan. 
(Proceedings of the South Wales Institute of Engineers, 1929, Vol, 45, 
pp. 241-286). The layout and equipment of the washing and clean- 
ing plant at the Emlyn No. 2 Anthracite Colliery are described and 
illustrated. 


New Screens and Washery at Emlyn Anthracite Colliery. (Iron 
and Coal Trades Review, 1929, Vol. 118, Mar. 1, pp. 317-320). 


A Note on Some Modifications Introduced into a New Washer at the 
Haute-Loire Coal Mines. M. Abel. (Revue de |’Industrie Minérale, 
1929, Mar. 15, pp. 239-247). On starting up a rheolaveur at the 
mines it was found that an appreciable quantity of saleable products 
was being carried over with the slimes. The experiments carried out 
to discover the reason for this, and the manner of applying them in 
the actual washing, are described. 
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Notes on a Visit to the Belgian and Dutch Coalfields. I. N. Wood- 
head. (Iron and Coal Trades Review, 1929, Vol. 118, Feb. 1, p. 181). 
Brief particulars are given of the Lavoir vertical coal-washer. 


Cleaning of Coal in the Bituminous Fields of Pennsylvania. J. B. 
Morrow and J. R. Campbell. (Proceedings of the Engineers’ Society 
of Western Pennsylvania, 1929, Vol. 45, Feb., pp. 10-37). The authors 
list the various types of coal-cleaning equipment used in the bituminous 
fields of Pennsylvania, and show the potential coal-washing capacity 
of the various plants, 


Pulverised Fuel in Industry and Electrical Generation. (Fuel 
Economist, 1928, Vol. 4, Nov., pp. 87-92). Character of coal and 
combustion, combustion of volatiles and fixed carbon, nature of coal 
as affecting combustion, burners, preheated air for combustion, coal 
drying, preheated air for coal drying, dust removal from dryer vents, 
furnaces for burning powdered coal, and effect of moisture content on 
combustion are discussed. 


Further Points in American Pulverised Fuel Practice. (uel 
Economist, 1929, Vol. 4, Feb., pp. 242-246). 


Improved Type of Grinding Mill for Pulverised Fuel Plants. (Fuel 
Economist, 1929, Vol. 4, Feb., pp. 239-242). A description is given 
of the Raymond-Lopulco mill. 


Electro-Filters for Pulverised Lignite. (Kohle und Erz, 1928, 
Dec. 21, pp. 990-998). Electrical gas-cleaners for removing the dust 
from the waste gases from pulverised lignite dryers, and their operation 
are described. 


The Goossens System of Powdered Coal-Firing. A. Grounds. 
(Fuel Economist, 1928, Vol. 4, Nov., pp. 73-75). The results are 
given of tests on the firing of boilers by the Goossens powdered coal 
system. 


The “ Unit ’’ System of Pulverised Fuel for Collieries. R. B. Potter. 
(Iron and Coal Trades Review, 1929, Vol. 118, Jan. 25, p. 153). The 
advantages of the unit system are pointed out, and a table is given 
showing the collieries where plants have been installed. 


Investigation of the Thermal and Operating Conditions of Mill 
Furnaces Fired with Powdered Fuel. H. Ditges. (Archiv fiir das 
Hisenhiittenwesen, 1929, Vol. 2, Jan., pp. 415-424). The trials were 
conducted on a continuous furnace with a small combustion chamber 
and horizontal burners, the dimensions being length of hearth 9-5 m., 
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width 3 m., area of cross-section 1-4sq.m., useful hearth area 28-5 sq.m. 
The material heated consisted of mild steel billets weighing 55 kg., 
3 in. sq., and 45 in. long. The drawing temperature was 1365° C. and 
the throughput per hr. was 34 tons. The consumption of fuel in the 
form of coal-dust was 418 kg. per hr., or 120 kg. (264 Ib.) per ton of 
steel. The burners were of the flat type, and were adjustable to an 
angle of 10° with the horizontal. The combustion conditions were good, 
the flame not developing fully till it reached the hearth, and the com- 
bustion of the coal particles continued throughout the length of the 
chamber, on which account the waste-heat losses were rather high. 
The losses due to burning of the charge amounted to 2:3 percent. The 
soaking effect was good, the billets being uniformly heated through- 
out by the time they were ready for drawing. 


Pulverised Coal for Metallurgical Work. W. O. Renkin. (Blast- 
Furnace and Steel Plant, 1929, Vol. 17, Jan., pp. 75-76). The use of 
pulverised coal in reheating furnaces is discussed. The importance 
of proper drying of the coal and correct degree of fineness is pointed 
out. Continuous furnaces of the flat arch suspended roof type have 
shown marked improvement in efficiencies and increased output. In 
this type of furnace a gas velocity of 20 ft. per sec. can be maintained. 
One installation heating billets from 3$ to 4? in. sq. in lengths up to 11 ft. 
shows an average fuel consumption of 220 lb. of pulverised coal per 
ton of billets. In malleable melting furnaces the relation between 
carbon taken up by the bath and the fineness and moisture content 
of the coal is shown by means of a graph. 


Pulverised Coal-Fired Rotary Furnace for Malleable Cast Iron. 
H. Kalpers. (Iron and Steel Industry, 1929, Vol. 2, Apr., pp. 197-200). 
A translation of an article in which a description is given of the Brackels- 
berg pulverised coal-fired rotary furnace for the manufacture of 
malleable cast iron. The original article appeared in Giesserei-Zeitung, 
1929, Vol. 26, Feb. 1, pp. 78-82. 


New Designs of Coal-Dust Fired Furnaces in Ironworks. (. Kehren. 
(Stahl und Hisen, 1928, Vol. 48, Dec. 20, pp. 1769-1773 ; Réhren- 
industrie, 1929, Vol. 22, Jan. 3, pp. 6-10). For many years past trials 
with coal-dust firing have been carried on, with much success in the 
case of steam boilers, but with varying results in metallurgical furnaces. 
In fact, many disappointments have been experienced, probably for 
the reason that it was believed any rubbish, as long as it was black, 
could be ground and fired as coal-dust. It is now recognised that in 
selecting coal for coal-dust firing, just as much care must be exercised 
as in buying gas coal or producer coal. The coals for grinding should 
have as high a content as possible of volatile constituents, they should 
have a low ash, and should be dried before grinding till they contain 
not more than 0-5 per cent. moisture. The problem of transporting 
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coal-dust through pipe lines by air pressure is not yet fully solved ; 
for instance, there is the difficulty of separating the air from dust at 
the delivery point. Coal-dust firing of soaking pits and reheating 
furnaces can readily compete with producer-gas firing on account of 
the high price of producer coal, but where long-distance gas is available, 
coal-dust can only compete if the price of the gas exceeds about 74d. 
per 1000 cu. ft. (these conditions apply to Westphalia). Sectional 
drawings of soaking pits and reheating furnaces adapted for powdered 
coal-firing are shown. 


Pulverised Coal-Fired Furnaces. G. Kehren. (Iron and Coal 
Trades Review, 1929, Vol. 118, Feb. 8, pp. 208-209). An abridged 
translation of the above article. 


Controlling the Atmosphere in Malleable Annealing Ovens. W. F. 
Graham. (Paper read before the American Foundrymen’s Association, 
Apr. 1929). The author describes a method of firing furnaces of the 


oven type using pulverised coal, in which some of the waste gases are 


returned to the furnace chamber. 


Furnace Heating by Means of Pulverised Fuel. G. E. K. Blythe. 
(Paper read before the South Wales Section of the Institute of Metals : 
Foundry Trade Journal, 1929, Vol. 40, Feb. 21, pp. 147-150). 


Use of Pulverised Fuel in Metallurgical Furnaces. G. E. K. Blythe. 
(Paper read before the Second International Conference on Bituminous 
Coal, Nov., 1928: Fuels and Furnaces, 1928, Dec., Vol. 6, pp. 1661— 
1664). 


Utilisation of Rhenish Lignite in the Iron, Steel, and Metal Industry. 
H. M. Kaspers. (Archiv fiir Warmewirtschaft, 1929, Vol. 10, Feb., 
pp. 57-61). An account is given of the use of pulverised lignite in 
heating, forging, annealing, and tempering furnaces. 


Coal-Dust Firing for Boilers and Industrial Furnaces. H. Berg 
and HK. Vogt. (Journal of the Institute of Fuel, 1929, Vol. 2, Apr., 
pp. 240-257). The authors deal with the utilisation of coal-dust for 
the firing of mill and forge furnaces. Different types of furnaces are 
illustrated and described. A list is appended of the furnaces in- 
stalled on the Continent, particulars being included of furnace output 


per hour, type of fuel, consumption of fuel, and type of pulverising 
installation. 


Developments in the Use of Pulverised Fuel for Steam Raising. 
D. Brownlie. (Iron and Coal Trades Review, 1929, Vol. 118, Jan. 25, 
p. 121). 
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Progress in Pulverised Coal Application. EH. H. Tenney. (Paper 
read before the American Society of Mechanical Engineers: Blast- 
Furnace and Steel Plant, 1929, Vol. 17, Mar., pp. 439-444). Operating 
results obtained with the use of pulverised fuel at the Cahokia Power 


Station, St. Louis, are presented. 


Pulverised Fuel for Boiler Firing. J. C. Brand. (Paper read 
before the Institution of Engineers and Shipbuilders in Scotland, 
Mar. 12, 1929: Iron and Coal Trades Review, 1929, Vol. 118, Mar. 22, 
pp. 433-434). The Brand system of pulverised fuel firing is described, 
and its application to marine and Lancashire boilers is dealt with. 


Pulverised Fuel Tests on Lancashire Boilers. (Hngineer, 1929, 
Vol. 147, Mar. 15, p. 304). Particulars are given of the results of 
trials of two Lancashire boilers fitted with the Brand system of 
puiverised fuel firing. 


Unit Pulverisers for Steam Generation. J. Blizard. (Blast-Furnace 
and Steel Plant, 1929, Vol. 17, May, pp. 717-720). A discussion of 
some of the problems involved in the use of the unit system for 
pulverising coal for firing under boilers. 


The Modern Use of Pulverised Fuel in Power Stations. R. A. 
Chattock. (Paper read before the Institution of Electrical Engineers, 
1929: Colliery Guardian, 1929, Vol. 138, Apr. 26, pp. 1617-1620). 


Pulverised Fuel Installation at the Wallasey Generating Station. 
(Engineering, 1929, Vol. 127, Apr. 26, pp. 511-513). The plant 
described consists of two 50,000-lb. boilers equipped with pulverised 
fuel firing on the unit system. The pulverisers used are of the Simon- 
Carvés type. 


Synthracite. E. Gevers-Orban. (Revue Universelle des Mines, 
1929, Series 8, Vol. 1, Feb. 15, pp. 93-98). “Synthracite ” is the 
name given to the product of the Charbonnages Espérance Bonne- 
Fortune at Montegnée-Liége. Ovoids of anthracite dust bonded with 
pitch only are unsatisfactory in use, but by heating them slowly to 
about 800° C. they become very serviceable; the ovoids described 
weigh 38 grm. each and contain 6 per cent. of volatiles, but by raising 
the temperature slightly the volatiles can be reduced to 1} per cent., 
producing a true metallurgical coke, graphitic and very hard. The 
plant consists of two vertical continuous retorts designed by M. J. 
Piéters ; the tops are open and the bottoms are water-sealed. The 
heating flues pass up the longer sides, and the distillation products 


‘are withdrawn through openings in the shorter sides. The first cost 


of the plant, the thermal balance, the refractories, and other matters 


are discussed. 
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Briquetting. J. Bing. (Paper read before the Second Congress 
on Industrial Heating, Paris, June 23, 1928: Chaleur et Industrie, 
1928, Vol. 9, Oct., pp. 21-29). The author discusses the manufacture 
of fuel briquettes, tests for pitch, substitutes for pitch, and the 
briquetting of lignites and semi-cokes. He gives statistics of the 
briquetting of coal. 


Tests on the Auto-Agglomeration of French Lignites. A. Moreau. 
(Paper read before the Second Congress on Industrial Heating, Paris, 
June 23, 1928: Chaleur et Industrie, 1928, Vol. 9, Oct., pp. 30-32). 
Chemical, physico-chemical, and physical tests are discussed. 


Tests on the Transportation of Dry Lignite. HE. Rammler. (Braun- 
kohle, 1928, Vol. 27, Dec. 22, pp. 1147-1152). ,The transportation 
and storage of dry lignite were investigated from the point of view of 
the fire risk. 


PHAT. 


Peat Considered as a Fuel. HF. Le Monnier. (Paper read before 
the Second Congress on Industrial Heating, Paris, June 23, 1928: 
Chaleur et Industrie, 1928, Vol. 9, Oct., pp. 54-61). The author dis- 
cusses the classification of peat bogs, conditions of exploitation, the 
drying of peat, the colloidal character of peat, peat as an industrial 
fuel, a thermal balance for peat, the distillation of peat and peat coke. 


COKE. 


The Coke-Oven Industry in 1928. C. P. Finn. (Iron and Coal 
Trades Review, 1929, Vol. 118, Jan. 25, pp. 121-122), 


Recent Developments in the Utilisation of Bituminous Coal. 
(Mechanical Engineering, 1929, Vol. 51, Jan., pp. 65-69 ; Feb., pp. 142- 
146). A review of the important points in the preparation, treatment 
for extracting liquid fuels and other by-products, utilisation for power 
generation, &c., brought out at the Second Conference on Bituminous 
Coal at Pittsburgh. 


The Becker Coke-Oven Plant. (Colliery Guardian, 1929, Vol. 138, 
Apr. 12, pp. 1421-1427). Becker Coke-Oven Plant for the Nunnery 
Colliery Company, Sheffield. (Engineering, 1929, Vol. 127, Apr. 12, 
pp. 453-456). Becker Coke-Oven Plant at the Handsworth Works of 
the Nunnery Colliery Company, Ltd. (Iron and Coal Trades Review, 


| 
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1929, Vol. 118, Apr. 12, pp. 530-533). Britain’s First Becker Coke- 
Oven Installation. (Gas Journal, 1929, Vol. 186, Apr. 10, pp. 85-89). 
Great Britain’s First Becker Coke-Oven Plant. (Gas World, 1929, 
Vol. 90, Apr. 6, Coking and By-Product Section, pp. 41-45). Tlus- 
trated particulars are given of the layout and equipment of the Becker 
coke-oven plant at the Handsworth Works of the Nunnery Colliery Co. 


The By-Product Coke Plant of the Steel Company of Canada at 
Hamilton, Ontario. J. F. Slee. (Hngineering Journal, Jan., 1929: 
Tron and Steel of Canada, 1929, Vol. 12, Feb., pp. 40-44). The plant 
is described. There are two batteries of 40 ovens each of the Wilputte 
regenerative type ; they measure 37 ft. 3 in. long, 10 ft. 5} in. high, 
164 in. wide at the pusher end and 19 in. wide at the coke end, and 
hold about 13 net tons of coal each. The operation of the ovens is 
described, and details concerning auxiliary plant are given. 


Coke Works of the Carnegie Steel Company. F. I’. Marquard. 
(Blast-Furnace and Steel Plant, 1929, Vol. 17, Jan., p. 77). Brief 
notes on the Clairton by-product coke plant, said to be the largest and 
most complete works of its kind. There are 1482 Koppers and Becker 
type ovens, with a coking capacity of 31,000 tons of coal a day. The 
plant uses only Pittsburgh high-volatile coal. The coke is quenched by 
an intermittent water spray, which keeps the moisture content within 
narrow limits; waste water contaminated with phenol is used in a closed 
system for spraying; in this way pollution of the river is avoided. 


By-Product Coke Plant at Hamilton. C. L. Haldeman. (Blast- 
Furnace and Steel Plant, 1929, Vol. 17, May, pp. 688-690). An 
illustrated account is given of the coke-oven plant of the Hamilton 
Coke and Iron Co., Ohio, which has a normal capacity of about 1250 tons 
of coal. Both blast-furnace and foundry coke are produced. The 
coke-oven battery consists of 45 Becker ovens, each having a capacity 
of 14-8 net tons. The oven chamber is 14 in. wide at the pusher side 
and 16 in. wide at the coke side, 12 ft. 6 in. high, and 40 ft. 8 in. long. 
Three charging holes are provided. Oven gas is used for heating, 
although provision is made for the use of either producer- or blast- 
furnace gas. 


Experiences with Modern Coke-Ovens in the Ruhr District. W. 
Gollmer. (Stahl und Hisen, 1929, Vol. 49, Jan. 31, pp. 129-138 ; 
Gliickauf, 1929, Vol. 65, Jan. 26, pp. 108-121). At the beginning of 
1926 there were 140 coke-oven plants in operation in the Ruhr district, 
with 16,200 ovens. These, for the most part, obsolete plants could 
produce about 28,000,000 tons of coke a year. Under a rationalisation 
scheme, which was adopted towards the end of 1926, 2770 new ovens 
had been built at 32 plants by the beginning of 1928. Of these 32, 
18 plants were entirely new, and consisted of 1710 new ovens. The 


1929—i. 27 
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other 14 were plants which were enlarged by the addition of 1060 new 
ovens. Including four other large plants, there are now altogether 
36 plants on a large scale with just under 7000 ovens, producing 
24,900,000 tons of coke a year, of which 15,300,000 tons is produced 
in the 2770 new ovens. This scheme of reconstruction practically 
revolutionises the economy of coke manufacture, and all older plants 
must of necessity soon shut down, for these 36 large plants with their 
7000 ovens produced, in 1927, 91 per cent. of the total coke made in 
the Ruhr district. The oven with narrow chamber has been abandoned, 
because, in spite of its high efficiency on account of the short coking 
time, consumers did not like the small hard fingery coke which it pro- 
duced. For large batteries a width of 450 mm. has been generally 
adopted, while some have been built with a width of 500 mm., and one 
is now designed with a width of 530 mm. The main departure from 
previous practice is, however, in the height of the chamber. These are 
now made 4 m. and even up to 6 m. in height, or nearly 20 ft. The 
coking time in such ovens is 18 hr. with an output of 20 tons of coke 
per heat, the yield being 78 per cent. The throughput per 24 hr. is 
up to 27-8 tons. A number of technical details are described and 
illustrated. In general, these do not differ greatly from former practice, 
but apparatus and transport arrangements are on a larger scale. The 
coking cost per ton of coke in a modern plant producing one million 
tons yearly amounts to 4-4s., and by sale of power gas this is reduced 
to 3-02s. per ton. The actual prime cost per ton of coke produced 
is 33-2s., and the receipts from sale of coke, gas, tar, and by-products 
are 38-7s, per ton. 


Modern Cokeries in the Ruhr District. W. Gollmer. (Iron and 
Coal Trades Review, 1929, Vol. 118, Mar. 8, pp. 364-365; Mar. 15, 
pp. 389-390). The Modern Coking Plants of the Ruhr District. W. 
Gollmer. (Fuel Economist, 1929, Vol. 4, Mar., pp. 305-308, Apr., 
pp. 355-359). Translations into English of the above paper. 


Modern Mining Methods in the Ruhr Coalfield. R. C. Smart. 
(Colliery Guardian, 1928, Vol. 137, Nov. 16, pp. 1947-1953). Notes 
are given of the coking and by-product plants at different collieries 
in the Ruhr district, including a detailed description of the coking 
plant at the K6ln-Neuessen Colliery, Altenessen. 


The New Central Coke-Oven Plant at the Emil Mine, Essen-Altenessen. 
R. Gau. (Zeitschrift des Vereines deutscher Ingenieure, 1929, Vol. 73, 
Mar. 30, pp. 437-440). The author first indicates the differences 
between the developments that have recently been made in American 
and German coke-oven plants of large size. He then describes and 
illustrates that at the Emil mine. It consists of 3 batteries, each of 
39 large ovens, with a total throughput of 600,000 tons per annum. 
Hach oven is 12 m. long, 3-6 m. high, 475 mm. wide at the middle, 
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the pusher end being 60 mm. narrower than the coke end. The 
| charge is 17-8 tons of coal with about 12 per cent. of moisture, and 
| the coking period is 20 to 21 hr. From 2400 tons of coal the 117 ovens 
_ produce 1650 tons of coke. The structure and operation are described, 
| and details of by-product recovery, &c., are given. 


A Modern Coke-Oven. K. Falk. (Feuerfest, 1929, Vol. 5, Feb., 


| pp. 15-21). The author reviews briefly recent developments in the 
| design of coke-ovens, and describes the “‘ grouped flue ” regenerative 
| 


coke-oven of the Hinselmann Co., Essen, which is intended for firing 


| by either rich or poor gas at will. The oven is built up on a ferro- 
| concrete “ base-plate,” which is supported on piers; the valves con- 


trolling the heating of the ovens are situated in the cool space under 
the base-plate. The oven walls rise directly from the base-plate, and 
their lower parts serve as dividing walls for the regenerators situated 
under the ovens and the hot flues. The regenerators are built in two 
groups of different sizes, those lying under the hot walls being arranged 
as small preheaters for each individual combustion point. The large 
regenerators serve only for preheating the air ; when poor gas is used 
the small regenerators preheat it, but with rich gas in use they preheat 
the air. The large regenerators have only one sole flue which carries 
away the waste gases or furnishes the air for combustion, but the small 
individual regenerators are alternately connected in groups of four to 
one or other of the two sole flues under them. The operation of the 
plant is described in detail, and the advantages are enumerated. 


The New Coke-Ovens of Dr. C. Otto & Co. G. Lorenzen. (Feuerfest, 
1929, Vol. 5, Feb., pp. 26-29). The ovens built by the firm in 1923 
were about 10 to 11 m. in length, 3 m. high, and capable of containing 
9 to 10 tons of dry coal; in the last two years the dimensions have 
grown to about 13 m. and 4-5 m. respectively, and the capacity to 
about 19 tons. This alone represents about 100 per cent. increase in 
throughput, and as the time of heating has been decreased the through- 
put has been actually increased even more. This reduction of heating 
time has been attained by a new system of heating. Instead of the 
gases burning in the vertical flues on one side of the oven, and the waste 
gases passing through the horizontal flues to the vertical flues in the 
opposite wall, and so to the regenerators, the vertical flues in each 
wall are arranged in pairs, each pair being joined by a short horizontal 
flue at the top (“‘ twin-flue system”); in this way the full heat is 
applied to both sides of the oven at once. By making suitable arrange- 
ments rich or poor gas may be utilised. Details and results obtained 
at the company’s experimental plant at Dahlhausen, and at other 
plants built for other companies, are given. 


Machinery for Coke-Oven Plant. F.G. Smith. (Paper read before 
the Cleveland Institution of Engineers, Feb. 11, 1929: Iron and Coal 
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Trades Review, 1929, Vol. 118, Feb. 15, pp. 239-240). The author 
outlines recent developments in the design of machinery used in con- 
nection with regenerative coke-ovens. Brief notes are given of a coal 
charging larry, a combined coke pusher and leveller, and a combined 
coke guide and door extractor. 


Development in Simplex Coke-Oven Design. (Iron and Coal Trades 
Review, 1929, Vol. 118, Jan. 11, p. 89). The arrangement of the flues 
in the new Simplex coke-oven provides for the continuous heating of 
all the flues as against periodical heating of half the flues. Illustrated 
particulars are given of the methods adopted. 


Adapts Balanced Draft Coke-Oven for Firing Low Heat Value Gases. 
(Iron Trade Review, 1929, Vol. 83, Nov. 15, p. 1250). A cross-section 
is shown of a balanced draft coke-oven which has been adapted for 
the use of blast-furnace or producer gas. One set of regenerators is 
used for preheating the air and the other set for preheating the gas. 
When it is desired to use coke-oven gas the two sets of regenerators 
connected in parallel are both used for preheating the air. 


Ways and Means of Attaining an Even Distribution of Heat in the 
Vertical Direction in Coke-Oven Walls. R. Gau. (Feuerfest, 1929, 
Vol. 5, Feb., pp. 29-32). The many systems of obtaining a regular 
distribution of heat from the bottom to the top of coke-oven walls— 
Collin’s alternate heating from the top and from the bottom, Otto’s — 
twin flues, Still and Wolter’s step-wise heating, Koppers’ narrow-top — 
oven, Becker’s system of mixing air for combustion with waste gases 
and alternate heating of one or the other wall, the Lothringen Mining ~ 
Company’s circulating system—are reviewed. The “‘ Kogag” oven 
of the Koksofenbau und Gasverwertung A.G. is described. In this — 
oven the cross-sectional area of the flues is decreased in steps towards 
the top by bellying the faces of the walls dividing the flues ; the gases — 
are thus brought into more intimate contact with the walls of the oven 
and travel more quickly. The increased thickness of the dividing walls 
also serves to accumulate more heat, which is available when the 
direction of the gas flow is reversed. 


Coke-Oven Practice and Developments in Bulk Carbonisation. — 
W. H. Blauvelt. (Paper read before the Fuel Conference of the World — 
Power Conference, 1928: Iron and Coal Trades Review, 1928, Vol. 117, 
Dec. 28, p. 937). The author reviews developments in coke-oven prac- 
tice in the United States. The largest ovens now operating have a 
capacity of 19 to 20 tons per charge. The batteries have been increased 
to contain as many as 60 ovens, and the coking time has been greatly 
reduced ; 1 in. per hr. is regarded as a very moderate speed. One plant 
has a record of two months’ operation at more than 1-3in. perhr. This 
increase per unit of plant capacity and per man-hour has to a large 
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extent off-set the greatly increased cost of construction and wage rate 
since the early days of the industry. One of the characteristics of 
recent coke-oven operation in the manufacture of blast-furnace coke 
is the production of a free burning coke having a well-developed cell 
structure, more reactive to the oxygen of the blast than was formerly 
thought practicable. The large crucibles and steep bosh walls of the 
modern American furnaces have made the use of these more reactive 
cokes possible, and permit the use of many coals heretofore thought 


, undesirable. 


The Efficiency of a Coke-Oven. G. E. Foxwell. (Gas World, 1928, 
Vol. 89, Dec. 1, Coking Section, pp. 138-140; 1929, Vol. 90, Feb. 2, 
Coking Section, pp. 18-21). The factors to be observed for the efficient 
operation of coke-ovens and the methods for determining and expressing 
the thermal efficiency are discussed. 


The Coking Process. J. Roberts. (Colliery Engineering, 1929, 
Vol. 6, Mar., pp. 91-92 ; Apr., pp. 129-131). The coking phenomena 
of coal are briefly explained under the following headings: the coking 
stages, formation of coke in stages ; controlling the behaviour of the 
binder ; influence of the ash on the binder; facilitating the advance 
of the binder and sources of energy loss. 


Contribution to the Study of the Mechanism of the Carbonisation 
of Coal. E. Audibert. (Revue de l’Industrie Minérale, 1929, Jan. 15, 
pp. 151-187). 


The Effect of Pre-Oxidation on the Primary Distillation Products of 
Coal. Part V.—Examination of the Cokes and Gases Obtained by Dis- 
tillation at 600°. J.T. Donnelly, C. H. Foott, and J. Reilly. (Journal 
of the Society of Chemical Industry, 1929, Vol. 48, Feb. 8, pp. 88-40T). 


Note on the High-Temperature Carbonisation of Coal. Langroyne 
and Boulin. (Paper read before the Second Congress on Industrial 
Heating, Paris, June 23, 1928: Chaleur et Industrie, 1928, Vol. 9, 
Oct., pp. 153-158). The authors discuss the extension of the range of 
coking coals, modern coke-oven plants, coke-oven gas, and town gas. 


Calculation of the Time of Carbonisation according to the Modifica- 
tions Introduced into the Ovens. W. Lohrisch. (Feuerungstechnik, 
1928, Vol. 46, June 15, pp. 133-136). 


Moisture in Coal and Coke and its Influence on the Carbonising 
Process. E. Dubois. (Gas- und Wasserfach, Aug. 18, 1928 ; abridged 
translation, Gas Journal, 1928, Vol. 184, Dec. 26, pp. 848-849). 


The Preparation and Coking of Fine Grain Coal in the Light of 
Petrographic Knowledge of Coal. F. L. Kihlwein. (Gliickauf, 1929, 
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Vol. 65, Mar. 9, pp. 321-329 ; Mar. 16, pp. 363-371 ; Mar. 23, pp. 395~ 
405). 


Production of Foundry Coke. A. E. Taylor. (Paper read before 
the Institute of British Foundrymen: Foundry Trade Journal, 1929, 
Vol. 40, Apr. 18, pp. 289-291). The effects of temperature of car- 
bonisation, oven width, size and screening of coke, and cleaning and 
blending of coal on the properties of the resulting coke are discussed. 
The qualities desired in a foundry coke are a high calorific value and 
hardness to stand the severe abrasion with the pig iron. A dense, 
non-friable, well-burnt, correctly sized coke is therefore considered 
necessary. 


The Supervision of the Thermal Operations of Coke-Ovens. W. 
Liesegang. (Feuerfest, 1929, Vol. 5, Feb., pp. 33-37). Various 
appliances for measuring temperatures, gas pressures, volumes of 
gas flowing, for analysing waste gases, &c., are described and illus- 
trated. 


Volatile Matter and Coke Yield. (Iron and Coal Trades Review, 


1928, Vol. 117, Dec. 21, pp. 907-908). A digest is given of the dis- — 


cussion which took place before the Cleveland Section of the Coke- 
Oven Managers’ Association on December 6, on the relationship between 
volatile matter of coal as determined in the laboratory, and the yield 
of coke from the oven. 


The Influence of Inorganic Materials in Lignite Carbonisation. 
A. W. Gauger and D. J. Salley. (Paper read before the Second Inter- 
national Conference on Bituminous Coal, Nov., 1928: Fuel in Science 
and Practice, 1929, Vol. 8, Feb., pp. 79-85). Inorganic materials may 
exert a specific effect on the structure of the char as well as on the yield 
of char, tar, and gas from the carbonisation of Velva lignite. It seems 
essential that one must be cautious in predicting the effect of ash 
material from results of experiments of this nature without being 
certain that the added material is chemically identical with the inherent 
mineral matter in the coal in question. Hydrated aluminium chloride, 
sulphate, and nitrate, magnesium sulphate and chloride, and strontium 
chloride alter the structure of the char produced, yielding a hard 
pseudo-coke differing materially from the soft powdered char of the 
untreated coal, whereas the anhydrous salts produce soit, fine char. 
Hydrated ferric chloride increases the yield of char at the expense of 
the tar. Sodium carbonate decreases char and tar yields and increases 
gas yields. Silica is without effect. A mechanism for the formation 
of pseudo-coke is suggested. 


The Withdrawal of the Gas from Coke-Ovens and its Automatic 
Regulation. C..Arnu. (Technique Moderne, 1928, Vol. 20, July 1, 
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pp. 452-458). The author describes modern arrangements for regu- 
lating the pressure of the gas in the hydraulic main for the purpose of 
adjusting the calorific power of the gas to the value desired. 


Drying and Heating a Coke-Oven Battery by Liquid Fuel. I’. White 
and W. H. Russell. (Paper read before the Coke-Oven Managers’ 
Association, Jan. 23, 1929: Iron and Coal Trades Review, 1929, 
Vol. 118, Feb. 1, pp. 183-184). The authors describe the method of 
heating up the coke-oven battery at the South Yorkshire Chemical 
Works and the results obtained. 


Chemical Utilisation of Coke-Oven Gas. Valette. (Paper read 
before the Second Congress on Industrial Heating, Paris, June 23, 
1928: Chaleur et Industrie, 1928, Vol. 9, Oct., pp. 319-327). The 
author discusses the separation of the constituents of the gas and the 
complete transformation of the products of the distillation of coal into 
chemical products. 


The Dry Quenching of Coke. J. B. Fortune. (Fuel Economist, 
1928, Vol. 4, Nov., pp. 95-100). Particulars are given of some installa- 
tions in operation for the dry cooling of coke. 


The Dry Quenching of Coke. D. W. Wilson. (Paper read before 
the Second International Conference on Bituminous Coal, Nov. 1928: 
Gas Journal, 1928, Vol. 184, Dec. 19, pp. 792-794). A discussion of 
the results obtained from the operation of a Sulzer coke quenching 
plant. 


Dry Coke Cooling by the Sulzer Process at the Oswald Street Gas- 
works, Burnley. J. H. Clegg. (Paper read before the Manchester 
District Institution of Gas Engineers, Dec. 14: Gas Journal, 1928, 
Vol. 184, Dec. 19, pp. 785-790). 


National Interest in the Low-Temperature Distillation of Fuels. 
G. Roszak. (Mémoires de la Société des Ingenieurs Civils de France, 
1928, Vol. 81, Sept.—Oct., pp. 1064-1104 ; Chaleur et Industrie, 1929, 
Vol. 10, Feb., pp. 55-63; Mar., pp. 119-128). The author defines 
the distinctions between low- and high-temperature carbonisation. 
He discusses the chemical composition of fossilised solid fuels and the 
products of low-temperature distillation. He reviews the points of 
view from which various countries regard low-temperature carbonisa- 
tion: the production of petrol interests countries which have no oil 
wells; in England the smokeless fuel obtained is the important con- 
sideration; Germany favours the process for increasing the value of 
the poor quality coals available ; other countries, which do not produce 
coal, regard it as a means of utilising fuel more rationally. All four 
points of view are of interest to France. The Rolle, Tozer, Salerni, 
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Cantieny, Pintsch, and Merz and Maclellan low-temperature distilla- 
tion processes are described, followed by a description of the Hereng 
system. One form of the Hereng system is intended to be installed 
in front of boilers. The plant consists of a drier and a distillation 
chamber. The chain grate of the boiler is extended forward under 
both the distillation chamber and the drier. The coal passes by gravity 
through the drier, falls on to the chain grate, and is carried into the 
distillation chamber ; the coke passes into the boiler fire-box without 
stirring or disturbance of any sort, and is then burnt in the ordinary 
way. In one form of plant, the distillation gas is partially burnt in 
the distillation chamber to provide the necessary heat, the excess of 
unburnt gas passing on into the boiler fire-box. In another variation 
the rich gas is collected ; the heat for distillation is supplied by circu- 
lating in a closed circuit some of the rich gas suitably preheated. In 
other types the coke is not burnt at once, but is dry-quenched and 
disposed of as a domestic fuel or as pulverised fuel. 


Fuels Obtained by the Treatment of Coal. W. T. K. Braunholtz. 
(Paper read before the North East Coast Institution of Engineers 
and Shipbuilders, Jan. 11, 1929: Iron and Coal Trades Review, 1929, 
Vol. 118, Jan. 18, pp. 79-81). The subject is dealt with under the 
following headings : coking industry ; coke and coal gas ; low-tempera- 
ture carbonisation ; low-temperature retorts; value of by-products ; 
hydrogenation of coal; process of continuous hydrogenation; and 
other synthetic methods of producing fuel oils. 


Low-Temperature Carbonisation in 1928. 8. R. Illingworth. (Iron 
and Coal Trades Review, 1929, Vol. 118, Jan. 25, p. 122). 


Low-Temperature Carbonisation of Coal. 8. W. Parr. (Paper 
read before the Second International Conference on Bituminous Coal, 
Nov., 1928: Industrial and Engineering Chemistry, 1929, Vol. 21, 
Feb., pp. 164-168). 


Low-Temperature Carbonisation—Developments at British Collieries. 
D. Brownlie. (Iron and Coal Trades Review, 1929, Vol. 118, Apr. 5, 
pp. 4938-494). 


Fuel Developments and the Training of Fuel Technologists. J. W. 
Whittaker. (Iron and Coal Trades Review, 1929, Vol. 118, Mar. 1, 
p. 825). The author surveys the economic possibilities of low-tempera- 
ture carbonisation. 


The Distillation of Coal from the Point of View of Fuel Economy. 
G. Cantieny. (Paper read before the Second Congress on Industrial 
Heating, Paris, June 23, 1928: Chaleur et Industrie, 1928, Vol. 9, 
Oct., pp. 178-191). High- and low-temperature distillation, the 


| 
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quality of the products and the advantage of their use are discussed ; 


> 


the construction and arrangement of a distillation plant is described. 


The Adaptation of Coke-Oven and Gasworks Processes to Low- 
Temperature Carbonisation. J. 8. C. Deville. (Paper read before the 
Second Congress on Industrial Heating, Paris, June 23, 1928: Chaleur 
et Industrie, 1928, Vol. 9, Oct., pp. T13- —-177). <A discussion of low- 
temperature carbonisation, semi-coke, the operation of the retorts, 
tar and its evaluation, the gas, and motor spirit. 


_, UES ees Carbonisation of Blended New Zealand Coals. 

. G. Hughson. (New Zealand Journal of Science and Technology, 
as Vol. “10, Feb., pp. 263-274). The Gray-King method of assay 
was used to determine the behaviour of New Zealand coal when car- 
bonised at a low temperature. Brown-coals yielded on an average 
10-59 ewt. of carbonised residue, 27-58 gal. of oil, 51-53 gal. of liquor, 
3°3 Ib. of ammonium sulphate, and 3841 cu. ft. of gas per ton of coal ; 
the average bituminous yield was 14-23 cwt. of residue, 37-42 gal. of 
oil, 9-23 gal. of liquor, 1-24 lb. of ammonium sulphate, and 3530 cu. ft. 
of gas. Low-temperature carbonisation of unblended New Zealand 
coals leaves either a non-adherent non-coking residue or a much 
swollen mass of friable coke, according to whether the coal is brown 
or bituminous. By carbonising suitable blends at 600° C., semi-cokes 
of good texture and hardness were obtained. 


The Present Condition of Low-Temperature Carbonisation in Ger- 
many. R. Heinze and A. Thau. (Zeitschrift des Vereines deutscher 
Ingenieure, 1929, Vol. 73, Apr. 20, pp. 524-530). 


Low-Temperature Distillation. J. A. de Grey. (Paper read before 
the Second Congress on Industrial Heating, Paris, June 23, 1928: 
Chaleur et Industrie, 1928, Vol. 9, Oct., pp. 243-252). The following 
aspects are dealt with : the importance of low-temperature distillation ; 
technical conditions; the present state of the question in Germany. 
Various furnaces are described. 


Present State of the Technique of Low-Temperature Carbonisation 
of Coals and Lignites. CO. Berthelot. (Paper read before the Second 
Congress on Industrial Heating, Paris, June 23, 1928: Chaleur et 
Industrie, 1928, Vol. 9, Oct., pp. 253-254). Low-temperature car- 
bonisation in the Saar district is discussed. 


Podifenpecstare Carbonisation of Coal from the South Russian 
Basin. A. Chakhno. (Chimie et Industrie, 1929, Vol. 21, Jan., 
pp. 32-34). 


The Problem of the Low-Temperature Distillation of Coal and the 
Utilisation of the Semi-Coke. A. Kling and D. Florentin. (Paper 
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read before the Second Congress on Industrial Heating, Paris, June 23, 
1928: Chaleur et Industrie, 1928, Vol. 9, Oct., pp. 217-220). 


Low-Temperature Distillation of Coals and in Particular Bituminous 
Coals. A. Léauté. (Paper read before the Second Congress on In- 
dustrial Heating, Paris, June 23, 1928: Chaleur et Industrie, 1928, 
Vol. 9, Oct., pp. 208-216). After a reference to work carried out by 
the U.S. Bureau of Mines on similar material, the author describes his 
own experiments. He discusses the nature of the coals and of the 
agglutinants used, and gives details of the carrying out of an experi- 
ment for each of the groups. 


Present State of the Low-Temperature Carbonisation of Coal and 
Lignite in Various Countries. D. Brownlie. (Paper read before the 
Second Congress on Industrial Heating, Paris, June 23, 1928: Chaleur 
et Industrie, 1928, Vol. 9, Oct., pp. 222-233). An enumeration and 
discussion of various low-temperature carbonisation processes. 


Low-Temperature Carbonisation of Schist. The Situation in Various 
Countries of the World. D. Brownlie. (Paper read before the Second 
Congress on Industrial Heating, Paris, June 23, 1928: Chaleur et 
Industrie, 1928, Vol. 9, Oct., pp. 234-242). The importance of schist 
deposits is pointed out, their exploitation in various countries is 
discussed, and processes for treating it are enumerated. 


Low-Temperature Carbonisation of Pulverised Coal. I. M. Gentry. 
(World Power, 1929, Vol. 11, Feb., pp. 151-154; Mar., pp. 251-254). 
The first article deals with the general processing of coal for the ex- 
traction of its by-products and the production of smokeless fuel. The 
author deals more particularly with those methods of low-temperature 
carbonisation in which heat is transferred to the pulverised particles 
by means of radiation and conduction. The second article deals 
with the heating of pulverised coal by convection heat transfer. Illus- — 
trated particulars are given of the following retorts for pulverised coal : 
Lewes ; Pinet-Debout ; John; Trent; Kuhn ; McEwen and McHwen- 
Runge. 


The Bussey Coal-Distillation Process. H.B.Cronshaw. (HEngineer- 
ing, 1929, Vol. 127, Mar. 29, pp. 409-411). Illustrated particulars are 
given of the Bussey plant for the manufacture of smokeless fuel, oil, 
and gas, which is in course of erection at Glenboig, near Glasgow. The 
plant will have a throughput of 500 to 600 tons of coal per day, and 
a daily output, when working at capacity, of approximately 300 to 
400 tons of semi-coke, 15,000 gal. of crude oil, and 15,000,000 cu. ft. 
of gas. The Bussey retort is of the stationary vertical shaft and 
internally heated type. The process is continuous, and the charging 
and discharging operations are automatic and adjustable. 
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Low-Temperature Distillation by Means of Waste Gases. I. A. 
Oetken. (Zeitschrift des Vereines deutscher Ingenieure, 1929, Vol. 73, 
Feb. 16, pp. 229-232). The Lurgi low-temperature distillation process, 
in which heat is supplied to the coal by the passage of heated waste 
gases through it, is described. The heating of the charge and the 
cooling of the semi-coke is performed by circulating some burnt gas 
in a closed system, the heat taken up by cooling the coke being utilised 
to supply some of the heat for the charge in the retort. The amount 
of waste gas introduced into the distillation gases is small, so that the 
latter are still combustible. Direct and indirect methods of heating 
the charge are discussed. 


The Lurgi Carbonisation Process applied to Lignite. I. A. Oetken 
and O. Hubmann. (Braunkohle, 1928, Vol. 27, Dec. 8, pp. 1097-1104). 


The Lurgi Method of Low-Temperature Carbonisation. (Colliery 
Guardian, 1929, Vol. 138, Apr. 5, pp. 13837-1338). 


Coal Distillation. (Colliery. Guardian, 1929, Vol. 138, Apr. 5, 
p. 1341). Brief particulars are given of the Freeman modified low- 
temperature distillation process. 


The Gas Light and Coke Company’s Experimental Carbonisation 
Plant at Fulham. (Engineering, 1929, Vol. 127, Mar. 1, pp. 260-261). 
The equipment of this plant is described and illustrated. 


Low-Temperature Carbonisation Process. P. Dvorkovitz. (Paper 
read before the Second Congress on Industrial Heating, Paris, June 23, 
1928: Chaleur et Industrie, 1928, vol. 9, Oct., pp. 193-199). After 
an historical note, the experimental plant at Slough and its objective 
are described; the English point of view regarding the carbonisation 
of coal and its economic and national importance are discussed. 


Low-Temperature Carbonisation. (Colliery Guardian, 1929, Vol. 138, 
Mar. 15, pp. 1021-1023). The general layout and equipment of the 
Coalite plant at Barugh, near Barnsley, are described and illustrated. 


Economic Utilisation of Fuel in the Production of Electricity. R. P. 
Sloan. (Paper read before the Fuel Conference of the World Power 
Conference, 1928: Iron and Coal Trades Review, 1928, Vol. 117, 
Nov. 16, pp. 721-728). The paper is devoted chiefly to a description 
of the low-temperature carbonisation plant at Dunston-upon-Tyne. 


The Dunston Coal-Distillation Plant. (Hngineering, 1928, Vol. 126, 
Dec. 21, pp. 787-788). 


Low-Temperature Carbonisation Plant at Dalmarnock. J. B. Gr 
Kershaw. (Hngineer, 1928, Vol. 146, Dec. 14, pp. 651-652). The 
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financial results of the actual working of the McLaurin low-temperature 
carbonisation plant at the Dalmarnock Gasworks for the two years 
ending May 21, 1928, are presented. 


Low-Temperature Carbonisation Plant. (Blast-Furnace and Steel 
Plant, 1929, Vol. 17, Apr., pp. 576-578). Largest Distilled Coal Plant 
in the World. (Coal Age, 1929, Vol. 34, Apr., pp. 229-230). An 
illustrated account is given of the K.8.G. carbonisation plant recently 
erected at New Brunswick, N.J., which has an annual carbonising 
capacity of 250,000 tons. The constructional details of the retort are 
shown. 


A Chemical Study of Low-Temperature Tar. G. T. Morgan, D. D. 
Pratt, and J. Ross. (Journal of the Society of Chemical Industry, 
1929, Vol. 48, Feb. 8, pp. 29-34T). Low-temperature tar contains a 
notable proportion of resinous products, and these have been divided 
into four groups: neutral resins, phenolic resins or resinols, acidic 
resins or resinoic acids, and basic resins or resinamines. These resinous 
products, which can be isolated from tar by simple processes, are 
likely to find industrial applications. An extract of tar in aqueous 
caustic soda contains, in addition to crystallisable phenols, resinols, 
and resinoic acids, a considerable portion of neutral resins. Extraction 
of true phenols including resinols is preferably effected by the use 
of a caustic soda-brine reagent. The crystallisable phenols when 
distilled with water under reduced pressure and subsequently 
fractionated im vacuo show little or no tendency to redden either alone 
orin emulsions. The isolation of original constituents of low-tempera- 
ture tars, and particularly of the four groups of resinous products, 
has been rendered practicable by the use of the solvent method em- 
ployed at comparatively low temperatures. Owing to this avoidance 
of high temperature other decomposable constituents of the tar, such 
as waxes and higher aromatics, have been obtained in appreciably 
larger yields. 


Aqueous Liquors from Low-Temperature Carbonisation of Coal. 
G. T. Morgan, D. D. Pratt, and A. H. J. Pettet. (Journal of the Society 
of Chemical Industry, 1929, Vol. 48, May 3, pp. 89-93T). Aqueous 
liquor from the carbonisation at low temperature of a non-coking coal 
and aqueous distillate from the tar obtained in that carbonisation have 
been examined by a process of continuous extraction by ether. The total 
ammonia content, which in the case of the liquor is 0:55 per cent., is 
increased threefold in the distillate. The sulphur content is increased 
slightly in the distillate as compared with the liquor, and on acidifica- 
tion by mineral acid the liquor yields hydrogen sulphide, and the 
distillate sulphur dioxide and elemental sulphur. Aniline, pyridine, 
and «-picoline have been isolated from both the liquor and the distillate. 
Resinamines occur to a small extent in the bases from the liquor. 
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Formic, propionic, n-butyric, and n-valeric acids have been identified 
as derivatives, and acetic, oxalic, and resinoic acids have been isolated 
from the acids of the liquor. Phenol occurred to the extent of 0-15 per 
cent. of the liquor and 0-2 per cent. of the distillate, whilst pyrocatechol 
was present in amount corresponding to 0-1 per cent. of the liquor, 
but was only detected in traces in the phenols from the distillate. 
A new class of resin (resinolic acids) has been characterised and isolated 
from the phenols of the liquor, whilst resinols mixed with resinenes 
occurred in the viscous portion of the phenols from the distillate. _ 


Composition of Tar from Low-Temperature Carbonisation of Utah 
Coal. R. L. Brown and R. N. Pollock. (Industrial and Engineering 
Chemistry, 1929, Vol. 21, Mar., pp. 234-238). 


Contribution to the Production of Low-Temperature Tar. G. 
Kroupa. (Montanistische Rundschau, 1928, Vol. 20, Dec. 16, pp. 693— 
696). The author discusses the importance to Austria of the pro- 
duction of low-temperature tar by the distillation of brown-coal, and 
describes his patent oven for attaining this end. It consists of a tall 
structure, at the top of which is a chamber in which the material is 
dried ; from here it travels over a series of sloping hearths until it 
reaches the bottom, where it is discharged into a cooling space. The 
sloping hearths are hollow, and are heated with a mixture of air and 
gas in such a way that the material in its downward passage is raised 
to a steadily increasing temperature. 


Assessing the Value of Coking Coals. G. W. J. Bradley and R. A. 
Mott. (Paper read before the Midland Institute of Mining Engineers, 
Dec. 11,1928: Iron and Coal Trades Review, 1928, Vol. 117, Dec. 14, pp. 
867-868). The authors review methods for determining the coking pro- 
perty of coals, particularly those used in the fuel technology laboratories 
of Sheffield University. The contraction and swelling ranges of different 
coals are shown. 


Properties of Coking Coals and their Behaviour on Coking. P. 
Damm. (Fuel in Science and Practice, 1929, Vol 8, Apr., pp. 163-177). 
A translation of an article which appeared in Gliickauf, 1928, Vol. 64, 
Aug. 11, pp. 1073-1080; Aug. 18, pp. 1105-111. See Journ. I. and§.1., 
1928, No. II. p. 273. 


Clean Coke and Its Value. R. A. Mott. (Fuel in Science and 
Practice, 1929, Vol. 8, Mar., pp. 123-132). When mechanical coal 
cleaning was first introduced the coals were washed to a lower ash 
content than is customary in modern times, but at the expense of 
losing considerable quantities of coal in the refuse. The practice of in- 
creasing the yield at the expense of a high ash content of the washed coal 
became widely adopted in the war years, and immediately afterwards 
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when the price of coal rose enormously. The ash content rose to over 
14 per cent. and resulted in big increases in fuel consumption at 
the blast-furnaces. A table is given in which the fuel consumption 
in cwt. per ton of pig iron (and the amount of ore used) is calculated 
for different districts in the United Kingdom for the period 1912-1919. 
The results obtained by different investigators for the difference in 
coke consumption per ton of pig iron when using cokes of different 
ash contents are reviewed. The results of large-scale tests by Derclaye 
and Gill, and of the calculations by Deladriére and Evans show that 
the saving in coke consumption per ton of pig for every 1 per cent. by 
which the ash content is reduced may be summarised as follows : 


Owt. 
Derclaye : : : : : o  Waehy 
Gill § 3 “ F , . . 0-44 
Deladriére  . : 5 . : . 0:35 
Evans . ; 4 ; ; . 0:33-0:48 


or an average of approximately 0-4 cwt. per 1 per cent. of ash. The 
financial saving has been estimated by the following investigators : 


Pence. 
Derclaye (adapted) . : 5 : aS 
Louis (on basis of Gill’s results) . ; ‘SED 
Thau : : A ¢ : S ae) 
Lilot : ¢ é . , ae teh 
Lewis (adapted) 5 3 5 7 oy 


From these figures it may be assumed that a reduction of 1 per cent. 
of ash in coke is worth at least 6d. per ton of coke to the iron maker. 
The washing of slurry is dealt with, and the Rheolaveur slurry washer, 
concentrating tables, and froth flotation units are briefly outlined. 
The advantages of clean slurry are also discussed. 


The Choice of Cokes for the Blast-Furnace. H.C. Evans. (Paper 
read before the Second Congress on Industrial Heating, Paris, June 23, 
1928: Chaleur et Industrie, 1928, Vol. 9, Oct., pp. 162-171). The 
author discusses the correlation of blast-furnace operating results, 
the influence of coke quality on blast-furnace working, coke-testing, 
structure, combustibility, reactivity, density, porosity. 


Some Varieties of Carbon and their Reactivity. R. V. Wheeler. 
(Paper read before the Second Congress on Industrial Heating, Paris, 
June 23, 1928: Chaleur et Industrie, 1928, Vol. 9, Oct., pp. 160-161). 
The author discusses the different aspects of coke, the varieties oi carbon 
resulting from the decomposition of methane, and their reactivity. 


Improved Method for Determining the Porosity of Cokes. (G. A. 
Brender & Brandis. (Het Gas, 1928, Vol. 48, Sept. 15, pp. 390-394). 
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Contribution to the Question of the Properties of ‘‘ Foundry Coke.’ 
B. Osann. (Die Giesserei, 1929, Vol. 16, May 3, pp. 421-422). The 
shatter test gives a measure of the suitability of coke for cupola 
use ; other tests, even the reactivity tests, do not. The reason why 
Upper Silesian coke is unsuitable for the cupola is explained. 


The Physical Properties of Foundry Coke. H.V.A.Briscoe. (Paper 
read before the Institute of British Foundrymen: Foundry Trade 
Journal, 1929, Vol. 40, Apr. 25, pp. 307-308). 


Smokeless Domestic Fuels. J. Roberts. (Colliery Engineering, 
1928, Vol. 5, Dec., pp. 483-484). A brief discussion of the character- 
istic properties of various forms of semi-coke. 


GASHOUS FUELS. 


The ‘‘ Roubaix ’’ Crusher-Gas-Producer for the Utilisation of 
Residues from Combustion. (Génie Civil, 1929, Vol. 94, Apr. 27, 
pp. 410-411). The apparatus briefly described in this article is in- 
tended to make use of the unburnt fuel which may pass through a 
furnace grate; it is attached directly to the chain grate housing so as 
to take advantage of the sensible heat in the ashes as well as of their 
fuel contents. The ashes are discharged from the chain grate directly 
into the vertical water-cooled body of the producer. At the bottom 
are arranged two crushing rolls; beneath them is an inlet for an air- 
blast, and below that an arrangement for removing the spent ashes. 
The crushers revolve slowly ; the cold blast moving upwards keeps 
them cool, and ensures the complete combustion of any combustible 
material remaining in the ashes. The combustible gas produced passes 
directly upwards into the main fire-box, where it is burnt, so adding 
its heating value to that of the fuel burnt on the chain grate. The 
ashes, after passing through the crushers, drop into water ; in this way 
sufficient steam is added to the air-blast before it passes through the 
column of ashes. The energy absorbed in operating the crusher-gas- 


H producer, ‘including the blower, does not exceed 0-5 per cent. of that 


recovered by the appliance. A further advantage of the apparatus 
is that the chain grate may be more completely covered, right up to 
its end; in this way the total excess air is reduced, because with its 
use there is not the same disadvantage in allowing unburnt material 
to pass over with the ashes. 


Note on Some Improvements Introduced during the Last Few Years 
in Industrial Gas-Producers and on the General Installation of these 
Producers. M. Guérin. (Paper read before the Second Congress on 
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Industrial Heating, Paris, June 23, 1928: Chaleur et Industrie, 1928, 
Vol. 9, Oct., pp. 278-281). 


Operating Conditions of Producers in which the Ashes are Melted, 
and Comparative Thermal Balances. Dessemond and Mayenconne. 
(Paper read before the Second Congress on Industrial Heating, Paris, 
June 23, 1928: Chaleur et Industrie, 1928, Vol. 9, Oct., pp. 272-275). 
The present working conditions of the producers, in which the ashes 
are fused, at the Achille gas generating station are described, and the 
thermal balances and efficiencies of the various producers are compared. 


Source of Errors in the Carbon Balance. Wehrmann. (Gas- und 
Wasserfach, 1928, Vol. 71, Dec. 29, p. 1253). In determining the 
thermal balance of a gas-producer it is customary to withdraw the gas 
for the analysis of CO, after the washer, and to assume that the amount 
retained by the washer amounts to 0-3 to 0:4 per cent. The author 
shows that this estimate is too low, and that the figure should be 
0-6 to 0-7 per cent. 


Study of Gasification and the Practical Operation of Gas-Producers. 
H. Guillon. (Chaleur et Industrie, 1928, Vol. 9, Dec., pp. 580-587 ; 
1929, Vol. 10, Jan., pp. 37-43). The author studies the subject under 
the following headings: Theoretical study of gasification ; incomplete 
combustion of carbon; speed of reaction; influence of temperature 
on states of equilibrium; injection of steam into gas-producers ; 
fusion of the ashes ; theoretical study of the decomposition of steam ; 
mechanism of the decomposition in producers; formation of CO or 
CO, ; different qualities of mixed gas; quantity of steam decomposed 
and conditions to be aimed at in a producer; and the gasification of 
solid fuels—namely, wood and its derivatives, lean coals and cokes, 
and fat coals. 


The Gasification of Steam-Dried K6flach Coals in Revolving-Grate 
Gas-Producers. L. A. Richter. (Braunkohle, 1928, Vol. 27, Sept. 15, 
pp. 850-857). 


The Use in Gas-Producers of Wood Distilled at Low Temperatures. 
G. Dupont, J. L. Lussand, and J. Allard. (Annales de l’Office National 
des Combustibles Liquides, July—Aug., 1928 ; Génie Civil, 1929, Vol. 94, 
Jan. 26, pp. 92-93). The results of experiments on the low-tempera- 
ture distillation of various woods are reported. The apparatus used is 
described. Up to 275° C. dissociation is feeble; at 300° to 350° a 
violent exothermic reaction occurs. At the lower temperatures the 
gases contain 75 per cent. of CO, and 25 per cent. of CO, together with 
the air occluded in the wood. During the exothermic reaction the 
CO, reaches only 60 per cent. and the CO attains to 40 per cent., its 
maximum. Above 350° to 400° C, the gases evolved are rich in hydro- 
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carbons with high calorific power. Experiments to determine the 
optimum temperature were also made. By the use of wood heated 
between 100° and 290° C., particularly between 275° and 290°, the 
theoretical maximum calorific efficiency in relation to the original wood 
is attained, and the gas produced has a maximum calorific power. 


Operating Tests on a Producer Intended for Use with Wood Charged 
with Peat. A. Lemmonier. (Paper read before the Second Congress 
on Industrial Heating, Paris, June 23, 1928: Chaleur et Industrie, 
1928, Vol. 9, Oct., pp. 289-292). The author describes the operation 
of a peat-charged producer, discusses granulated peat from Liesse 
(Aisne), and gives the results of tests for efficiency. 


New Gas-Heated Installations of Small Dimensions, intended to 
Furnish Producer-Gas from Various Fuels. W. Kirnich. (Feuerungs- 
technik, 1928, Vol. 16, July 1, pp. 149-154). 


Improved Means of Producing Gas for Steelworks. (Fuel Economist, 
1928, Vol. 4, Nov., p.75). Particulars are given of the Duffield gasifica- 
tion process. The coal is pulverised to about 200 mesh, and part of 
the sensible heat of the gas made later in the process is used by 
transference for heating air to 200° C. for a preliminary oxidation 
of the powdered fuel. The object of this preheating is to prevent 
pastiness occurring in the next process, which consists of passing the 
powdered fuel down a spiral channel in which it is subjected to a 
temperature of 500° C. by means of extracting further heat from the 
gasification and transferring it to some of the gas which has been 
cleaned of the volatiles. This heated gas is blown through the oxidised 
coal during its course of travel, and by contact at the temperature 
of 500° C. distils off and picks up the volatile constituents of the coal. 
The gas from this chamber is then treated for the extraction of the 
combustibles and volatiles, after which it is returned to the main. 
The heat of the volatiles is transferred by a heat exchanger to the air 
used in the combustion chamber. The powdered coke from which 
the volatiles have been distilled is then used as far as required for 
combustion and gasification, and any surplus is agglomerated in a 
special press to a condition resembling lump coal. The residual 
volatile of this material is up to 10 per cent. 


Investigation of a Cottrell-M6ller Plant for Separation of the Dust 
from the Waste Gases of Open-Hearth Furnaces. KE. Gébel. (Stahl 
und Hisen, 1929, Vol. 49, Jan. 10, pp. 33-37). The factors which 
influence the successful operation of an electric gas-cleaning installa- 
tion are, as is well known, the speed of flow of the gases, the temperature, 
degree of moisture, voltage at the electrodes, size of dust particles, 
amount of dust in the uncleaned gas, and the chemical composi- 
tion of the dust. In the trials undertaken, it was endeavoured to 


1929—i. 2u 


658 THE IRON AND STEEL INDUSTRIES. 


ascertain the influence of each one of these factors on the efficiency 
of the process.. The highest degree of cleanliness was obtained with 
the maximum voltage possible (50,000 v.), the lowest speed of flow of 
the gas, and the lowest possible temperature (114° C.). The degree of 
moisture at temperatures above the dew point appears to exercise 
little influence. The best results appear to have been obtained with 
a rate of flow of gas of 1:25 m. per sec. The dust from the gases of 
the furnaces under trial contained from 31 to 95 per cent. zinc oxide, 
and 48-9 down to 2-1 per cent. lead oxide. 


Electro-Filters. F. Moureau. (Revue Universelle des Mines, 
1929, Series 8, Vol. 1, Feb. 15, pp. 106-109). The Cottrell and Siemens 
electrical gas-cleaners are briefly described, and their application to 
various industries is discussed. 


On the Mathematical Theory of the Cottrell Electric Precipitator. 


_ A. W. Simon. (Iron and Steel Engineer, 1929, Vol. 6, Apr., pp. 143- 


146). 


The Cleaning of Industrial Waste Gases. F. Croset. (Arts et 
Métiers, 1929, Vol. 82, Apr., pp. 151-153). The electrical precipitation 
of dust from waste gases in described. 


The Purification and Cleaning of Waste Gases. R. Toutain de Bussy. 
(Paper read before the Second Congress on Industrial Heating, Paris, 
June 23, 1928: Chaleur et Industrie, 1928, Vol. 9, Nov., pp. 486-492). 
After reviewing the various types of gas-cleaners, the author describes 
the “film gas-cleaner,’’ in which the gases are brought into contact 
with films of liquid such as oil; he gives test results, and discusses 
the recovery of the oil by filter-press, centrifuge, and solvent. 


Recent Progress in the Industrial Cleaning of Works Waste Gases. 
Pauthenier. (Paper read before the Second Congress on Industrial 
Heating, Paris, June 23, 1928: Chaleur et Industrie, 1928, Vol. 9, 
Nov., pp. 495-497). 


Petroleum Wash-Oil Thickening in the Scrubbing of Coke-Oven Gas. 
H. M. Ullman, D. 8. Chamberlin, 0. W. Simmons, and M. A. Thorpe. 
(Industrial and Engineering Chemistry, 1929, Vol. 21, Apr. 1, pp. 313- 
314). A high boiling petroleum oil is used in the counter-current 
absorption of light oils from coke-oven gas in scrubbing towers. With 
continued use the wash-oil increases in gravity from 0-834 to 0-90, 
and contains a suspension which, when settled out, does not materially 
affect the gravity of the oil. This process is called thickening. With 
thickening, a wash-oil reduces in absorption capacity, and the accumu- 
lation of the suspended material presents mechanical difficulties through- 
out the entire system. The authors have investigated the primary 
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cause of such thickening, which is shown to be the direct result of a 
tar, or a tar constituent in a finely divided form suspended in the gas. 


Long-Distance Gas Transmission. K. Traenckner. (Zeitschrift des 
Vereines deutscher Ingenieure, 1929, Vol. 73, Apr. 20, pp. 517-528). 
The author first discusses the importance of long-distance gas trans- 
mission as a means of conveying energy and the development of the 
industrial use of gas in America, and compares the cost of transmission 
with that of electricity. He then deals with the choice of suitable 
diameters for the pipes and their influence on the transmission costs, 
and a large number of other points of technical and economic 
importance. 


Long-Distance Transmission of Coke-Oven Gas in Germany. 
A. Pott. (Paper read before the Second International Conference 
on Bituminous Coal, Nov., 1928: Gas World, 1929, Vol. 90, Mar. 2, 
Coking Section, pp. 30-34). 


Application of Centrifugal Machines to Various Gas-Transmission 
Problems. P. Faraggi. (Paper read before the Second Congress on 
Industrial Heating, Paris, June 23, 1928: Chaleur et Industrie, 1928, 
Vol. 9, Oct., pp. 300-308). The author touches on the following 
subjects: the evolution of centrifugal machines for the transmission 
of gas; exhausters for coke-oven gas; tar cleaners; driving the 
exhausters; boosters for coke-oven gas; the transmission of steam 
and gas at high temperatures. 


Co-Ordination between Blast-Furnaces, Coke-Ovens and Open-Hearth 
Furnaces. (©. Berthelot. (Paper read before the Fuel Conference of 
the World Power Conference, Sept., 1928: Iron and Coal Trades 
Review, 1928, Vol. 117, Nov. 16, pp. 717-718). The author shows how 
by proper co-ordination between the various processes in an iron and 
steel works, it should be possible to produce about 1 metric ton of 
finished steel with 1-75 ton of good coking coal, besides obtaining 
valuable by-products. His estimates are based on his own work, 
and the researches of leading French and German authorities, as well 
as on a thorough inspection of plants in the Ruhr coalfields, where 
very satisfactory results are being obtained with a new type of coke- 
oven. 


Heating with Blast-Furnace Gas. (Iron Age, 1929, Vol. 123, 
Mar. 7, pp. 664-666). By-Product Ovens are Fired with Blast-Furnace 
Gas. (Iron Trade Review, 1929, Vol. 84, Mar. 7, pp. 644-645). The 
arrangements for heating coke-ovens at the plant of the By-Products 
Coke Corporation, Chicago, are described. ‘The coke-ovens are in two 
batteries of 55 each. The blast-furnaces are situated a mile from the 
ovens and the gas is transported in a 60-in. pipe. The gas is cleaned 
by passing through a dry dust-catcher, a Roberts and Kennedy dry 
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cleaner, a Brassert washer, and a Theisen washer. The gas is stored 
at the coking plant in a 2 million cu. ft. dry gas-holder, having a 
working pressure of 8 in. of water. The results of trials show that 
blast-furnace gas gives a more uniform distribution of heat, resulting 
in the production of a better coke. 


The Industrial Uses of Gas. F. W. Goodenough. (Journal of the 
Institute of Fuel, 1929, Vol. 2, Apr., pp. 258-292). The advantages 
of gas for industrial heating are pointed out, and numerous installations 
are illustrated, including melting and heat-treating furnaces. 


The Use of Gas in General Engineering Works. A. Docking. (Gas 
World, Industrial Gas Supplement, 1928, Vol. 1, No. 2, Nov. 17, 
pp. 7-11). The many uses to which gas may be put in small and 
medium-sized general engineering shops—melting, case-hardening, 
heat-treating of tools, expanding and shrinking on bosses, drying 
ladles, skin-drying loam moulds, floor-drying sand moulds, heating 
core and mould stoves, &c.—are enumerated and discussed. 


Industrial Heating by Gas. (Hngineer, 1929, Vol. 147, Feb. 15, 
pp. 190-191). Notes are given of gas-heating installations at the 
works of G. Kent & Co., Luton, and at the Basingstoke works of J. I. 
Thornycroft & Co. A description is also given of the Premix gas and 
air mixer, which maintains a constant quality of mixture and pressure 
regardless of the working conditions. 


Relative Cost and Value of Fuels. HE. A. W. Jefferies. (Blast- 
Furnace and Steel Plant, 1928, Vol. 16, Nov., pp. 1446-1448, 1453). 
The relative values of various fuels and their costs for use in open- 
hearth and heating furnaces are compared, and the advantages of 
producer-gas are clearly brought out. It is shown that after making 
full allowance for all expenses of gasification and paying $3-75 per 
ton for coal the average fuel cost in an open-hearth using 450 lb. of 
coal per gross ton of steel is $1-00. This corresponds to using 38-6 gal. 
of fuel oil, costing in the furnace $3-09; the equivalent amount of 
coke-oven gas is 9818 cu. ft., costing (at 25 cts.) $2-55. 


The Production and Utilisation of Gas in German Ironworks. H. 
Bansen. (Archiv fiir das EHisenhiittenwesen, 1928, Vol. 2, Nov., 
pp. 309-320). The subject is dealt with under the following heads : 
Blast-furnace gas, its production, cleaning, distribution, combustion, 
and utilisation for heating blast; power generation in steam boilers 
and waste-heat boilers, transmission, and blowing; furnaces and 
methods of firing with gas; coke-oven gas; sale of surplus gas. 
Concerning combustion of blast-furnace gas the author points out 
that whereas with fluctuating gas pressure an air excess of 25 to 30 per 
cent, is usually allowed, with a constant gas pressure a 10 per cent. air 


excess is sufficient. A 10 per cent. excess reduces the carbon dioxide — 
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by 1 per cent., the temperature of combustion by 50°, the furnace 
temperature by 30° to 40°, and the furnace efficiency by 3 to 10 per 
cent. The quantity of waste gas is increased by about 5 per cent., 
but since its temperature is increased by 30° to 50°, its volume is 
increased by 10 per cent. or over. By preheating and by intimate 
mixing of the air and gas streams by means of the torsion burner, the 
zone of combustion is shortened and more perfect combustion is 
attained with an increase in flame temperature. For instance, in 
stoves and boilers using old-type burners with large currents of air 
and gas the zone of combustion extends 10 to 20 m. before the carbon 
monoxide is completely burnt, and the heat developed does not exceed 
500,000 kg. cal. per hr. per cu. m. of combustion space. With greater 
subdivision of gas and air flues in furnace ports the heat developed 
rises to 1,000,000 kg. cal. per hr. per cu. m., and with torsion burners 
it rises to 15,000,000 kg. cal. per hr. per cu. m., 50 per cent. of the 
combustion taking place at the tip of the burner and complete 
combustion within a distance of 1 m. 


Certain Principles in the Extended Utilisation of Blast-Furnace Gas. 
O.R. Rice. (Iron and Steel Engineer, 1929, Vol. 6, Apr., pp. 176-181). 
The author discusses the principles that apply to the utilisation of 
blast-furnace gas in the different departments of a steelworks, and 
considers the value of the gas as fuel and the cost involved in rendering 
it suitable for different purposes. Underfiring of coke-ovens offers 
the most attractive application of blast-furnace gas. Its advantage 
is contingent upon market possibilities outside the plant for selling 
the coke-oven gas thereby released to industrial and domestic uses. 
There is a very high ratio between the value of the blast-furnace gas 
and the cost of conditioning it for oven use. Use of blast-furnace gas 
in steel heating furnaces is pyrometrically practicable and financially 
attractive. A safe ratio exists between the fuel value of the gas and 
the conditioning cost. Blast-furnace gas is good fuel under boilers. 
However, its return in boiler coal replacement value is not apt to be 
very high, and judicious consideration must be given to the question 
of the cost involved in conditioning the gas. In the heating of blast- 
furnace stoves, blast-furnace gas finds its most essential and profitable 
utility. 


Use of Blast-Furnace and Coke-Oven Gas in Open-Hearth Furnaces. 
F.E. Leahy. (Paper read before the American Tron and Steel Institute, 
May 1929). Standard type open-hearth furnaces require structural 
alterations, particularly below floor-level, to render them suitable for the 
use of blast-furnace gas. With producer-gas the tar and soot carried 
in help to keep the flues and checker chambers gas-tight, but with 
clean blast-furnace gas the checker chambers require sealing to avoid 
leakage of gas through the walls and roof. The installation of a pre- 
heater using waste gases for heating the blast-furnace gas to 1200° F. 
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or higher, and then enriching with cold coke-oven gas at the furnace 
ports would do away with the necessity of gas-tight chambers. Both 
checker chambers could then be used to preheat the air. A theoretical 
temperature of 3200° F. can be attained by either preheating the blast- 
furnace gas to 1075° F. with the air at 60° F., or preheating the air to 
1300° F. with the blast-furnace gas at 60° F. The author presents some 
calculations of heat available under definite, assumed conditions, and 
the capital and operating costs involved. 


The Heating of Open-Hearth Furnaces with Mixtures of Blast- 
Furnace and Coke-Oven Gases. M. Conte. (Paper read before the 
Second Congress on Industrial Heating, Paris, June 23, 1928: Chaleur 
et Industrie, 1928, Vol. 9, Nov., pp. 384-388). The author discusses 
the choice of the mixture of gases, the control of the furnace, mixing 
the gases, and makes a comparison of the heating by means of gas 
mixtures with heating by producer-gas. 


The By-Product Coke and Gas Industry. C. J. Ramsburg. (Blast- 
Furnace and Steel Plant, 1929, Vol. 17, Jan., pp. 84-85). The author 
discusses the increasing attention now being paid in America to the 
use of coke-oven gas outside the coke-oven plant and steelworks, and 
mentions the growing practice of the coke-oven plants of selling their 
surplus gas to gas-distributing companies. In this connection, he 
points out the advantages of substituting blast-furnace gas for coke- 
oven gas for heating coke-ovens; the latter gas has five times the 
heating value of the former gas, and its transportation over long 
distances can be profitable, whereas that of blast-furnace gas is not. 
The author gives a table of 12 new by-product plants put under con- 
struction or operation in 1928, together with the number of ovens and 
the annual coal carbonising capacity. 


Gas Engines in the Iron and Steel Industry. T.B. Morley. (Blast- 
Furnace and Steel Plant, 1929, Vol. 17, Feb., pp. 302-304). The 
possibilities of the use of blast-furnace gas in gas engines, the design 
and performance of modern gas engines, and the cost of power pro- 
duction are discussed. 


LIQUID FUEL. 


The Hydrogenation and Liquefaction of Coal. D. G. Skinner and 
J. I. Graham. (Fuel in Science and Practice, 1928, Vol. 7, Dec., 
pp. 543-555). The influence of composition, pressure, temperature, 
and catalysts upon hydrogenation has been investigated. 


Hydrogenation of Coal in Presence of Catalysts. B. Hlavica. 
(Brennstoff-Chemie, 1928, vol. 9, July 15, pp. 229-231). The author 
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describes investigations on the influence of various factors—particularly 
of catalysts—on the high-pressure hydrogenation of coal. He con- 
cludes that the yield and quality of tar are dependent not only on the 
catalysts, but also on the temperature, pressure, and duration of 
heating. He distinguishes three phases of hydrogenation: in the 
first phase, between 300° and 400° C., hydrogen is absorbed rapidly, 
and the coal is transformed into an asphaltic mass with the formation 
of water by the deoxidation of the coal ; in the second phase, hydrogen 
is absorbed less rapidly, and the mass softens and liquefies ; up to 
this point not much gas is evolved ; during the third phase, the liquid 
coal decomposes violently, forming large quantities of gaseous and low 
boiling-point liquid hydrocarbons. The author discusses the catalysts 
which may be used and their action. 


The Manufacture of Liquid Fuels and of Manures by Synthesis. 
C. Berthelot. (Revue de l’Industrie Minérale, 1928, No. 188, Oct. 15, 
pp. 410-426). The author commences by discussing the world output 
of coal in order to demonstrate the necessity for the application of 
new methods of treating the coal to face the present-day situation in 
which the output of coal is greater than the demand. He then com- 
pares the composition of various substances, and shows that coal is 
the most suitable raw material for the production of liquid fuels. He 
next discusses what liquid fuel should be produced, and the position 
of affairs as regards fertilisers. He then reviews the four general 
methods for the chemical utilisation of coal—namely, low-temperature 
carbonisation, high-temperature carbonisation, hydrogenation of coal 
or of primary tar, reduction of carbon monoxide by hydrogen in the 
presence of catalysts—and deals with matters relating to these pro- 
cesses, such as the provision of the hydrogen and of the motive power 
necessary for the synthetic operations. Finally, he deals with the 
question of the capital required for various processes, and touches on 
the most suitable centres in France and Germany for the production 
of liquid fuels and fertilisers. 


A Few Remarks on the Synthesis of Liquid Fuels in Germany. 
Mathignon. (Paper read before the Second Congress on Industrial 
Heating, Paris, June 23, 1928: Chaleur et Industrie, 1928, Vol. 9, 
Oct., pp. 828-329). An account of the Bergius process in operation 
at the Merseburg Works, near Halle. 


The Nature and Properties of Fuel Oil. J. S. Schofield. (Heat 
Treating and Forging, 1929, Vol. 15, Mar., pp. 350-352). 


Oil Furnaces are Economical. H. A. Hepburn. (Heat Treating 
and Forging, 1929, Vol. 15, Mar., pp. 359-361). An outline of heating 
furnace practice operating on fuel oil, and directions for handling and 
burning the oil, are given. 
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Blast-Furnace Development in 1928. H. A. Berg. (Blast-Furnace 
and Steel Plant, 1929, Vol. 17, Jan., pp. 67-68, 83). A brief review 
of developments in American blast-furnace design and practice during 
the past year. 


Trend in Blast-Furnace Field. F. H. Willcox. (Iron Age, 1929, 
Vol. 123, Jan. 3, pp. 42-44). A review of developments in American 
blast-furnace practice during the past year. 


Late Blast-Furnace Plant Developments. (Iron Age, 1929, Vol. 123, 
Feb. 21, p. 549). Recent developments in blast-furnace practice were 
discussed at a meeting of the Eastern States Blast-Furnace and Coke- 
Oven Association, Feb. 15, 1929. Discussion of the merits of the wide 
hearth furnace showed that furnaces with hearth diameters of 22 ft. 
are entirely satisfactory, whether viewed from the standpoint of the 
quality of the pig iron produced, smoothness of operation, or furnace 
economy. A new type of stove is being tried at the Mingo Works of 
the Carnegie Steel Co. The stove has a conical top, with a taper from 
the body diameter of 21 ft. to 8 ft., and includes the use of a burner 
in the top. 


Blast-Furnace Plant at Hamilton. O. HE. Clark. (Blast-Furnace 
and Steel Plant, 1929, Vol. 17, May, pp. 690-693). Illustrated par- 
ticulars are given of the stove and gas-cleaning equipment at the blast- 
furnace plant of the Hamilton Coke and Iron Co., Ohio. The iron 
produced at these works is transported in special ladles to the steel 
furnaces of the American Rolling-Mill Co., a distance of over 10 miles. 
The stoves are four in number, one of which is of the old Kennedy type. 
The other three are of the Diehl type and are 20 ft. in diam., 92 ft. 
high, and have a heating surface of 65,225 sq. ft. each. The gases are 
led from the furnace top to a primary dust collector, where 40 per cent. 
of the heavy dust is drawn off. The gases are then led to a Vortex 
dry cleaner of the centrifugal type. After leaving the dry cleaner 
about 20 per cent. of the gas is wet washed and used in the stoves ; the 
other 80 per cent. is led direct to the boilers. 


New Australian Blast-Furnace Plant. (Blast-Furnace and Steel 
Plant, 1929, Vol. 17, Feb., pp. 266-269). Australian Iron and Steel 
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Ltd. (Iron and Coal Trades Review, 1929, Vol. 118, Jan. 11, pp. 35- 
38). 800-Ton Blast-Furnace of the Australian Iron and Steel Ltd. 
H. von Escher. (Zeitschrift des Vereines deutscher Ingenieure, 1929, 
Vol. 73, Mar. 9, p. 329). Illustrated descriptions are given of the 
layout and equipment of the blast-furnace plant of Australian Iron 
and Steel Ltd., at Port Kembla. 


Dovel Type Blast-Furnace put on Test. J. P. Dovel. (Blast- 
Furnace and Steel Plant, 1928, Vol. 16, Dec., pp. 1555-1558; 1570). 
The Dovel type of blast-furnace was designed principally to prevent 
the production of flue-dust, and the results are given of a six-day test 
run on a burden of hard ore crushed to 1-in. size. The dimensions of 
the furnace are given, together with an illustration of the recuperator 
which preheats the cold blast before it enters the stoves. The tests 
show that with ore as ordinarily crushed and as re-crushed, this re- 
crushing increased the thermal efficiency about 16 per cent., and only 
increased the flue-dust from 24-6 Ib. to 42-53 lb. per ton of iron. 


Ward-Leonard Control as Applied to Blast-Furnace Skip Hoists. 
E. Anderson. (Iron and Steel Engineer, 1929, Vol. 6, Feb., pp. 65-71). 
Curves and data are presented showing the comparison in operation 
of a skip hoist driven by a squirrel cage induction motor and one driven 
by direct current motors controlled by the Ward-Leonard system. 


MacKee Charging Apparatus of Modified Construction Erected at 
the Belorezk Charcoal Blast-Furnace, Ural. 8. Koptevsky. (J ournal 
of the Russian Metallurgical Society, 1928, No. 1, pp. 169-171). (In 
Russian.) 


Progress in the Utilisation of Hot-Blast Apparatus. Communica- 
tion from the Fuel Department of the Differdange Works. (Paper 
read before the Second Congress on Industrial Heating, Paris, June 23, 
1928: Chaleur et Industrie, 1928, Vol. 9, Nov., pp. 390-393). The 
subject is dealt with under the following headings: General con- 
siderations; the heating of Cowper stoves in tandem ; description 
and operation of the Differdange plant ; results of practical tests ; 
advantages of the system. 


Modern Construction and Heating of Cowper Stoves. EH. Pierre. 
(Revue Universelle des Mines, 1929, Series 8, Vol. 1, Jan. 15, pp. 43-49). 
The author reviews the improvements that have been made in the 
burners, the checker work, and the heat insulation of Cowper stoves. 
The progress achieved in the two first-named directions has been 
dependent upon the advances made in the cleaning of blast-furnace gas. 


Utilises Chimney Gases to Heat Cold Blast. (Iron Trade Review, 
1928, Vol, 83, Nov. 8, pp. 1184-1185). At the blast-furnaces of the 


666 THE IRON AND STEEL INDUSTRIES. 


Sloss-Sheffield Iron and Steel Co., Birmingham, Alabama, the waste 
heat in the gas exhaust from the hot-blast stoves is employed for 
increasing the temperature of the blast before it enters the stoves. 
The recuperator consists of a chamber lined with heat-insulating 
material. The air is heated by passing it through a coil over which 
the exhaust gases are allowed to circulate. Originally the blast entered 
the stoves at about 180° F., but since the use of the recuperator its 
temperature has been increased to 450° F. 


Fuel Economy on Blast-Furnace Plants. J. B. Fortune. (Fuel 
Economist, 1929, Vol. 4, Jan., pp. 197-200). The preheating of gas 
and air before combustion in hot-blast stoves is discussed, and an 
installation of recuperators at an American plant is described. The 
operation of stoves in tandem (coupled together) is also briefly discussed. 


Turbo-Blowers for the Blast-Furnace. J. Guest. (Blast-Furnace 
and Steel Plant, 1929, Vol. 17, Jan., pp. 114-116). The author sets 
forth those features that have contributed to the successful performance 
of the turbine-driven centrifugal machine for supplying blast. 


Device Plugs Tap Hole of Blast-Furnaces. C.Longenecker. (Blast- 
Furnace and Steel Plant, 1929, Vol. 17, Jan., pp. 122-123). Plugs 
Iron Notch with the Blast on Furnace. J. D. Knox. (Iron Trade 
Review, 1928, Vol. 83, Dec. 20, pp. 1555-1557, 1566). An electrically 
operated clay gun for closing tap holes is described and illustrated. 


Pig Bed Dressing and Moulding Machine. (Iron and Steel Industry, 
1928, Vol. 2, Dec., pp. 77-80). An illustrated account is given of a 
new type of pig bed moulding machine. The carriage on which the 
machine is mounted travels on two lattice trusses jointed together to 
form a bridge structure spanning the entire pig bed. The ends of the 
bridge rest on trucks travelling on rails along the side of the casting 
house. The machine consists essentially of the sand-dressing carriage 
and of the moulding machine proper. The latter comprises a moulding 
plate carrying the patterns and the pressure truck. The machine 
can be raised and lowered as required. 


Ropeways in Blast-Furnace Practice. A. H. Wright. (Iron and 
Steel Industry, 1929, Vol. 2, May, pp. 235-236). The advantages of 
using aerial ropeways in blast-furnace plants are pointed out, and brief 
particulars are given of their use on the Continent. 


Anti-Friction Bearings at Blast-Furnaces. 8. R. Cox, jun. (Blast- 
Furnace and Steel Plant, 1929, Vol. 17, Jan., pp. 104-106). The use 
of roller-bearings on auxiliary equipment for blast-furnaces is discussed. 


First Report on Blast-Furnace Plant and Practice. (Presented to 
the Iron and Steel Institute, May 1929: this Journal, p. 47) 
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Blast-Furnace Research. W. Lennings. (Iron and Coal Trades 
Review, 1928, Vol. 117, Nov. 26, p. 729). An abridged translation 
of a report of the Blast-Furnace Committee of the German Jronmasters’ 
Association. The full report is published in the Archiv fiir das Hisen- 
hiittenwesen, 1928, Vol. 1, Mar., pp. 549-564. (See Journ. I. and 8.L., 
1928, No. I. p. 774.) 


A Review of Blast-Furnace Research. (Blast-Furnace and Steel 
Plant, 1929, Vol. 17, Mar., pp. 425-430, 435). A translation of a 
report by G. Bulle. The report gives the results of an investigation 
of the influence of the character of ore and coke on blast-furnace 
operation. The major portion of the report deals with the reactions 
inside the blast-furnace. (See Journ. I. and 8.1., 1928, No. I. p. 773.) 


Progress in German Blast-Furnace Practice. H. A. Wagner. 
(Blast-Furnace and Steel Plant, 1929, Vol. 17, Jan., pp. 81-83). The 
outstanding features of German blast-furnace practice are discussed 
and compared with American practice. 


The Blast-Furnace and its Economic Position. H. HE. Wright. 
(Paper read before the Cleveland Institution of Engineers, Apr. 8, 
1929: Tron and Coal Trades Review, 1929, Vol. 118, Apr. 12, pp. 527- 
528). The author deals with the economic position of the blast- 
furnace, pointing out the importance of correct design, and discusses 
the possibilities of using a competitive process for the reduction of 
iron. The alternatives suggested from time to time have comprised 
processes : (1) For reduction of ore by gases with subsequent treatment 
of the metallic sponge or dust. No process can supply the gases or 
treat the sponge better than the blast-furnace does. (2) Reduction 
of ore direct by carbon or fuel. This, although not the most economic 
method of blast-furnace reduction, can in the normal case be equally 
well performed by the blast-furnace. (3) Direct reduction by a fuel 
flame with subsequent combustion of the gases to preheat the ore. 
This introduces the sulphur trouble unless the ore and fuel are pure ; 
moreover, the short time of possible contact also renders reduction 
in this way a very critical and speculative problem. (4) Electrical 
reduction, or electrical fusion, , combined with one or other of the 
previously mentioned processes. For such electrical reduction, 
electricity has usually to be generated by means of fuel, and as, on 
reconversion to heat, only a small percentage of the original heat is 
realised, the blast-furnace appears to be better able to provide the 
required heat economically from direct fuel. The author maintains 
that the blast-furnace is a proved and successful apparatus for the 
production of iron or steel in the large bulk demanded by commerce, 
in places convenient both to the markets and the sources of ore and 
fuel. Although it involves more capital cost to accomplish the result, 
there is no reason why its overall fuel efficiency cannot be brought to 
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80 per cent. or more, and it is probable that no practical alternative 
exists for which so good a case can be made out. 


The Blast-Furnace Theory. R. Franchot. (American Institute 
of Mining and Metallurgical Engineers, 1929, Technical Publication 
No. 170). The subject is discussed under the following headings : 
Science of blast-furnace metallurgy, fuel economy related to reduction 
equilibrium, influence of theories of Bell and Johnson, reduction of 
Fe,0,; by CO, heat relations involved in ore reduction, and relation of 
solution loss to fuel energy. Tables are included showing a comparison 
of smelting Cleveland ore and Mesabi ore. Operating data are given, 
and from them are calculated the significant relations on the basis of 
a pound of coke carbon charged into the furnace. The comparison 
shows the failure of the reduction equilibrium theory to explain high 
coke ratios or low smelting efficiency. The comparative heat balances 
illustrate the working of thermodynamic principles which Johnson 
was the first to apply. The author suggests that the endothermic 
chemical reactivity of the air nitrogen, as evidenced in various ways, 
gives a basis of fact upon which to account for a substantial part of 
the hearth heat as developed by the oxygen. The hypothesis that 
heat development by air combustion in the hearth is restricted by 
nitrogen fixation, that the availability of the combustion heat for 
high-temperature work is seriously limited by this action, that con- 
sequently the hearth work requires a larger amount of the coke than 
would otherwise be the case, has a strong basis of fact and affords a 
reasonable explanation of the furnace behaviour. The manifest 
inadequacy of generally held theories may perhaps give the nitrogen 
hypothesis an added value. 

Briefly stated, the idea is that as the blast heat is increased and the 
combustion temperature tends to rise, this effect is increasingly offset 
by increasing nitrogen activity, the difficulty of raising the hearth 
temperature being increased by a resistance associated with the com- 
bustion itself. In other words, the effectiveness of the high blast 
heats now in common use is in substantial measure curtailed by an 
endothermic formation of nitrogen compounds in the combustion zone. 
Certain facts which the author believes support the hypothesis are 
recapitulated, and objections tothe nitrogen hypothesis are discussed. 


Criticism on the Paper of M. Derclaye on ‘‘ Modern Scientific Prin- 
ciples in the Working of Blast-Furnaces of Large Output.’’ J. Seigle. 
(Revue de Métallurgie, Mémoires, 1929, Vol. 26, Jan., pp. 12-18). 
In discussing the work of Derclaye (see Journ. I. and 8.1., 1928, No. Il. 
p. 301) the author deals with the following three points: expressions 
relating to heat exchanges in the zone of combustion ; data for calcu- 
lating the height of the zone of combustion, and the impossibility of 
making this calculation; the ideal working index of Gruner and the 
true ideal working index of Richards. 
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An Estimate of the Material and Heat Balances of the Blast-Furnace, 
Based on the Top Gas Analysis and the Air Volume. H. Bansen. 
(Revue de Métallurgie, Mémoires, 1928, Vol. 25, Nov., pp. 614-629). 
A French translation of the original German paper (see Journ. I. and 
Si 927y Now IE p, 518): . 


Quality of Pig Iron and Castings as Affected by Blast-Furnace 
Practice. A.L.Boegehold. (Paper read before the American Foundry- 
men’s Association, Apr. 1929). The author describes an investigation 
carried out to determine the relation between the properties of cast 
iron and the conditions of blast-furnace operation during the manu- 
facture of the pig iron. Pig irons of known history were obtained in 
approximately 75-ton lots and studied by converting into cast iron 
and investigating the various properties. Data are presented of 
blast-furnace operation, and the factors responsible for variations in 
working are discussed. The results demonstrate that the physical 
characteristics of pig irons persist during remelting in the cupola and 
greatly influence the physical properties of the cast iron. The pro- 
perties of cast iron which are dependent upon the amount of combined 
carbon present and upon the ease with which combined carbon is 
retained by rapid cooling are related directly to the amount of moisture 
inthe blast. The machinability of cast iron increases and the tendency 
for the formation of white iron diminishes as the moisture content of 
the blast is reduced. The tendency for the formation of shrinkage 
cavities is decreased by increasing the rate at which the ore burden 
travels through the blast-furnace, and this rate depends upon the 
burning rate of the coke used. The quality of the coke used at the 
blast-furnace affects the pig iron in several ways, making it extremely 
important to have accurate control of this material. An appendix 
to the paper contains a description of a combustibility test for coke 
developed by the author. 


Blast-Furnace Metal for Castings. D. Baker. (Iron Age, 1928, 
Vol. 122, Dec. 13, pp. 1501-1502). A discussion of the conditions and 
costs involved in the use of direct metal in pipe foundries. According 
to the author, castings can be made satisfactorily from blast-furnace 
metal. 


Scrap in the Blast-Furnace. J. B. Fortune. (Fuel Economist, 
1929, Vol. 4, Feb., pp. 247-249). The author discusses the effect 
of scrap in the blast-furnace. The results obtained with the use of 
scrap in American blast-furnaces are presented. 


Twenty Months’ Results of Dry-Blast Operation. EK. H. Lewis. 
(Paper read before the Iron and Steel Institute, May 1929: this Journal, 
p. 79). 
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Some Notes on the Loss of Pressure and Temperature in Cold-Blast 
Lines. J. 8. Fulton. (Proceedings of the Engineers’ Society of 
Western Pennsylvania, 1928, Vol. 44, June, pp. 159-172). It has 
been claimed that, roughly, 5 per cent. of the gas for the stoves could 
be saved at 20 lb. blast pressure and 1000° F. hot-blast temperature 
by delivering the air into the cold-blast main at 250° F. instead of 
200° F., with, of course, the same intake temperature. In order to 
determine the probability of this saving, the author has obtained 
readings from a number of plants, and from the figures given in the 
paper he concludes that there is a very slight indication that the 
ereater the mean temperature difference, the greater the B.th.u. loss 
per sq. ft. per hr. However, there is no conclusive set of figures to 
prove or disprove this. 


Some Recent Blast-Furnace Explosions. A. Wagner. (Blast- 
Furnace and Steel Plant, 1929, Vol. 17, Feb., pp. 293-296; Mar., 
pp. 486-438). A translation of a report on blast-furnace explosions 
which occurred at two works in Germany. (See Journ. I. and 8.1, 
1928, No. II. p. 301.) 


Production of High Alumina Slags in the Blast-Furnace. T. L. 
Joseph, S. P. Kinney, and C. E. Wood. (United States Bureau of 
Mines, 1928, Technical Paper No. 425: see Journ. I. and 8.I., 1928, 
Nowlp.a iS). 


Effect of Barium Oxide on the Desulphurising Power of Blast- 
Furnace Slags. ©. E. Wood and T. L. Joseph. (American Institute 
of Mining and Metallurgical Hngineers, 1929, Technical Publication 
No. 181). This paper is a report of experimental work undertaken 
to determine whether barium oxide in any quantity increases the 
desulphurising action of blast-furnace slags. The experimental pro- 
cedure and apparatus used are described. To determine the relative 
proportions of sulphur absorbed by the slag while in contact with 
a bath of molten metal, under comparable conditions of temperature 
and composition, also when fine streams of metal were poured through 
a column of slag, two types of experiments, designated ‘“‘ bath ” and 
“ dropping” tests, were carried out. A combination of these tests 
was also performed. The results are set forth in detail. The effect 
of viscosity on desulphurisation in the blast-furnace is also touched 
upon. The experimental data obtained, although incomplete, indicate 
that : 

The addition of sufficient quantities of barium hydrate to slag of 
normal composition to introduce up to 5 per cent. BaO into the slag 
does not markedly increase the desulphurising action of the slag. Such 
an addition of BaO produced a small increase in the molar basicity 
of the slag and in its desulphurising action. 

The desulphurising action of blast-furnace slag varies directly 
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with its molar basicity. A replacement of SiO, by BaO increases the 
molar basicity of the slag and its desulphurising action. The industrial 
furnace slag referred to in the report has a slightly higher molar ratio 
of bases to acids than any of the slags used by the writers. Such slag 
would have more desulphurising power than normal slag, due primarily 
to its higher molar ratio and not to the BaO. 

The desulphurising action of a slag is more closely related to the 
molar ratio of bases to acids than to basicity based upon percentages 
of bases and acids present, particularly when a substance of high 
molecular weight like BaO is involved. 

Desulphurisation of metal by contiguous layers of slag was almost 
directly proportional to time of contact over a period of 60 min. 

Surface contact between slag and metal has an important bearing 
upon desulphurisation, as shown by the amount of sulphur removed 
when globules of iron were passed through a layer of slag. Under 
similar conditions of temperature, quantities of metal and slag, and 
concentrations of sulphur from 60 to 80 per cent., as much sulphur was 
removed in less than 5 min. when globules of iron were passed through 
a layer of slag as was removed during 60 min. contact between quiescent 
layers of slag and metal. 

Barium oxide is about one-third as effective as an equal weight of 
CaO in removing sulphur and in fluxing SiO, and Al,0;. It was not 
determined whether the molar basicity of blast-furnace slag can be 
increased by the addition of BaO to such an extent as to have an 
appreciable effect upon the rate of desulphurisation without producing 
a slag that is too viscous from other angles of practice. 


Long-Time Tests on Concrete with Various Additions, particularly 
Blast-Furnace Lump Slag. A. Guttmann. (Archiv fiir das Hisen- 
hiittenwesen, 1929, Vol. 2, Jan., pp. 401-403). The article is a report 
on the development of the use of blast-furnace slag in the United States, 
and on comparative tests on the crushing strength of slag concrete 
and natural stones. In 1927 some 10,000,000 tons of blast-furnace 
slag were utilised in the U.S. Of this quantity 45 per cent. was used 
for road-making, 25 per cent. for concrete, 25 per cent. as. railway 
ballast, and the remaining 5 per cent. for other purposes, mainly slag 
sand for Portland cement. In the last 20 years about 15,000,000 cu. m. 
of slag concrete has been used in building and no case of failure has 
yet been recorded. The composition of the slags from 10 different 


furnaces in Ohio and Pennsylvania is recorded, and shows little varia- 


tion, the ferric oxide being 0-50 to 2-0, silica 32 to 36, alumina 12 to 14, 
lime 32 to 42, sulphur as CaS 0-9 to 1-29, sulphur as CaSO, 0:20 to 
0-50 per cent. Test specimens of concrete made from these slags were 
stored under wet sand for 35 days; they were then removed to the dry 
storeroom of a laboratory and stored 5 years, and finally brought into 
the open. Diagrams show the results of crushing tests on slag concrete 
after storage for 180 days, after 5 years’ storage In a dry place, and 
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after 5 more years in the open. The strength rises for the first two or 
three years in the dry and then falls to about the original strength or 
below, but after removal into the open it again rises steadily to about 
double the original strength. 


Utilisation of Blast-Furnace Slag for Cement. W. Kosfeld. (Stahl 
und Eisen, 1929, Vol. 49, Feb. 21, pp. 243-249). The author discusses 
the properties and chemical composition of those blast-furnace slags 
which are most suitable for cement manufacture. Acid slags alone 
come into consideration. The conditions for specifications for slag 
cement are outlined, and results of slag cement tests are given. 


Use and Properties of Slag Wool. A. Guttmann. (Stahl und 
Hisen, 1929, Vol. 49, Jan. 24, pp. 97-101). The value of slag wool 
as a heat insulation and fireproof material and as a deadener of 
sound is so great that it is remarkable that the material does not find 
a wider application than as a lagging for steam pipes, boilers, and 
refrigerators. It is also used as a filtering medium in gas-cleaning 
plants. It commands a higher price than any other product from slag. 
The most suitable kinds of blast-furnace slag for the manufacture 
of slag wool are the thin fluid, that is siliceous, slags low in sulphur. 
The criterion of a good slag wool is the fineness of the thread, which 
should not average more than 3:5 to 3:8 p in thickness ; the weight 
of such a material is about 1 kg. per 10,000 cu. cm. (10 litres), and its 
porosity is about 93 per cent. Data concerning its low heat-conducting 
properties, composition, and refractoriness are given in tabular form. 


Suitability of Blast-Furnace Slag as Manure. C. Weise. (Archiv 
fiir das Hisenhiittenwesen, 1928, Vol. 2, Nov., pp. 283-286). In the 
United States the limey slags from blast-furnaces running on basic 
pig have for over 10 years been extensively used on farm lands on 
account of their high manurial value for soils that have become sour 
from the use of other artificial manures which when exhausted leave 
an acid residue in the ground. Experiments have shown that slags 
with a high content of lime and a small quantity of magnesia present 
in the form of silicates have a greater value as a manure than ordinary 
quicklime. The results of comparative trials in America with lime and 
slag are shown diagrammatically, and the extension of the use of such 
slags in Germany is recommended. 


Production of Iron and Steel in the Electric Furnace. A. Stansfield. 
(Fuels and Furnaces, 1929, Vol. 7, Jan., pp. 87-95 ; Feb., pp. 251-260, 
282). In the first article the author discusses the electric smelting of 
iron ore in the Swedish electric furnace and various methods for the 
direct reduction of iron ore. The second article contains a discussion 
of the developments in design, construction, and operating features 
of the more important types of electric steel-melting furnaces. 
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WROUGHT IRON. 


Essentials of Hand-Puddling Unchanged in Century. G. A. Richard- 
son. (Iron Trade Review, 1929, Vol. 84, Jan. 31, pp. 317-820, 330). 
Wrought Iron and the Puddling Process. G. A. Richardson. (Blast- 
Furnace and Steel Plant, 1928, Vol. 16, Dec., pp. 1566-1570). A 
description is given of the manufacture of wrought iron, as carried 
out at the plant of the Bethlehem Steel Co., by the hand-puddling 
process. 


Makes 4000 Tons of Iron Monthly by Synthetic Process. J.D. Knox. 
(Iron Trade Review, 1929, Vol. 84, Feb. 7, pp. 382-384). Wrought 
Iron Made by a New Process. ©. Longenecker. (Blast-Furnace and 
Steel Plant, 1929, Vol. 17, Feb., pp. 263-265). An outline is given of 
the Aston process for the production of wrought iron. Pig iron is 
melted in a cupola and subsequently refined in a Bessemer converter. 
The blown metal is poured slowly into a slag in the bottom of a cast- 
iron container called a shotting cup, where “it comes to nature.” 
No rabbling or stirring is necessary, and it is stated that the spongy 
mass of iron is identical in appearance with hand-puddled balls. The 
slag used is produced in an open-hearth furnace. The materials 
employed include roll scale, cinder, and sand. The spongy material 
is removed from the container and pressed into blooms and rolled into 
muck bar and billets. An experimental plant is in operation at Warren, 
Ohio, by the A. M. Byers Co., where 4000 tons of muck bar and billets 
are produced per month by this process. 


DIRECT PROCESSES. 


Direct Iron Production. (Fuel Economist, 1928, Vol. 4, Nov., 
pp. 111-112; Iron and Steel Industry, 1928, Vol.2; Dect, p. 61). 
Brief particulars are given of the Duffield process for the production 
of sponge iron, A mixture of ore and low-grade slack is charged into 
a vertical retort, the walls of which are surrounded by a heating chamber 
in which the gases from the reduction process are burned. The retort 
is continuously fed from the bottom by a hydraulic ram, and the 
product after reduction is discharged at the top into cooling chambers 
through chutes. The gases generated rise in the retort into more 
highly heated zones, and the ordinary CO, + C = 2CO reaction then 
occurs, the CO immediately attacking iron oxide Fe,0,+4 + CO = 
Fe,0, + CO,. The reactions occur rapidly and repeatedly so long 
as unreduced Fe,O, and C are present in the charge. The exit gases 
from the top of the retort are carried to a gas main and burned in the 
combustion chamber surrounding the retorts. The product is cooled 
to under 300° C., and after being passed through a disintegrator is 
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magnetically separated, the metallic portion having an iron content 
of up to 96 per cent. The special feature of the retort operation is the 
travel of solids and gases in the same direction, in intimate contact, 
and through zones of gradually increasing temperatures, beginning at 
700° C. and ending at 1000° C., or thereabouts. At no stage of the 
operation is the temperature sufficiently high to cause incipient fusion 
or any viscidity in the charge, and the phenomenon of reduction breaks 
down the intimate physical contact of iron and unaffected gangue, 
so that the product of low-grade ore treatment, which is pulverulent, 
may be magnetically treated, though this will not be necessary in the 
case of rich ores. 


Sponge Iron by the Smith Process. G. B. Waterhouse. (Iron . 


Age, 1929, Vol. 123, Apr. 25, pp. 1143-1145). An illustrated account 
is given of the Smith process for the production of sponge iron. The 
process is carried out in vertical ovens or retorts, similar to coke-ovens 
in design. The crushed ore or iron oxide material is mixed with 
carbonaceous material and charged into the oven, where it is heated 
and cooled by means of horizontal flues. It is preheated in the upper 
part of the oven by the waste gases, which leave the stack at about 
400° F. The charge then enters the reduction zone, where temperatures 
range from about 1600° to 2000° F., and is subsequently cooled by the 
incoming air for combustion in the heating flues, being discharged at 
less than 250° F. 


ELECTROLYTIC IRON. 


The Production of Heavy Metals by Electrolysis while Melted. 
II.—Production of Iron, Chromium, and Manganese from their Oxides 
and Silicates. G. Neuendorff and F. Sauerwald. (Zeitschrift fiir 
Klektrochemie, 1928, Vol. 10, Apr., pp. 199-204). The authors have 
continued their researches on the electrolysis of iron, and have obtained 
very high efficiencies. They have shown that it is necessary to 
electrolyse in a suitable furnace at high temperatures in order to get 
good current efficiency ; the latter varies also with the duration of 
electrolysis. According to the conditions employed, iron without 
carbon, steel, or cast iron may be obtained. In the course of fusion, 
the iron silicates employed underwent a thermal dissociation with loss 
of oxygen. The electrolysis of chromite was also carried out with a 
good current efficiency ; the product was a carburised iron-chromium 
alloy. With regard to manganese, starting with a manganese ore 
diluted with an iron ore, the product was an alloy containing only a 
very little manganese. 


Alkaline Electrolytic Iron. 8. J. Lloyd. (Paper read before the 
American Electrochemical Society, May 1929). In 1917-18 Estelle 
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suggested and patented the electrolytic deposition of metallic iron 
from a suspension of its hydroxide in strong hot caustic soda. His 
results are confirmed, and extended in the present paper to various 
ores of iron, and a study is made of the regeneration of the caustic 
solution by means of lime. 


Sulphur in Electrolytic Iron and its Removal. K. Oma. (Bulletin 
of the Institute of Physical and Chemical Research, Tokyo, 1929, 
Vol. 8, Feb., pp. 126-130). (In Japanese.) Sulphur contained in 
electrolytic iron, deposited from the sulphate bath with ferrous 
ammonium sulphate solution used as an electrolyte, can exist in two 
forms, as sulphate derived from the electrolyte, and as sulphide from 
the anode. When treated at high temperatures, annealed or fused, 
most of the sulphate is reduced to iron sulphide and some to hydrogen 
sulphide. The desulphurisation of electrolytic iron is accomplished 
by heating it in hydrogen above 800° C. The rate of desulphurisation 
is a function of time, temperature, and the grain-size of the iron to be 
treated. 


IRON INDUSTRIES. 


The Position and Prospects of the Steel Industry. W. R. Scott. 
(Journal of the West of Scotland Iron and Steel Institute, Session 1928— 
1929, Vol. 36, pp. 36-45). 


South African Iron and Steel Industry. H. J. Van Der Byl. 
(Journal of the Royal Society of Arts, 1929, Vol. 77, Mar. 29, pp. 500- 
512; Iron and Coal Trades Review, 1929, Vol. 118, Mar. 1, p. 329 ; 
Mar. 8, pp. 356-357). A review of the history and development of the 
iron and steel industry in South Africa. 


Report on Economic Conditions in France in 1928. J. R. Cahill. 
(Department of Overseas Trade, London, 1928 ; eve Stationery 
Office). The rapid development of the French tinplate industry is 
shown. Prior to the war the bulk of French tinplate was produced 
in five works ; now in 1928 the number of mills is about 70, but these 
are all under the control of a few concerns, and the bulk of the output 
is controlled by a single group. About one-half of the total output is 
produced by the firm J. J. Carnaud et Forges de Basse-Indre, which 
owns some 14 or 15 mills. The annual output capacity of the French 
industry is at present 75,000 tons. 


The Supply of Raw Materials for the German Iron Industry. H. 
Niebuhr. (Stahl und Hisen, 1928, Vol. 48, Nov. 29, pp. 1672-1674). 
A report has been published by a Committee appointed to inquire into 
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the sources and security of the supply of raw materials for the German 
iron and steel manufacturing industry, and it deals mainly with the 
questions of the supply of ore and scrap, as the two most important 
of such materials. A comparatively small proportion of domestic ores 
is now used, the imported ores amounting to four-fifths of the total 
requirements, whereas before 1914, 61-3 per cent. of the ores used 
were from domestic sources. The amount of scrap charged to the 
blast-furnaces in Germany has diminished year by year since the war. 
The proportion of scrap used in blast-furnaces in 1926 was 6-75 tons 
per 100 tons of pig iron produced. In 1926 the total amount of scrap 
used in the industry was 6,006,000 tons. The industry is almost inde- 
pendent of outside supplies of scrap, and of the above total used in 1926, 
5,974,000 tons were of domestic origin. _ With regard to the ore supplies, 
Scandinavia is the chief source, while a large amount is also imported 
from Lorraine, Northern France, and Spain. The supplies are con- 
sidered to be assured for a long time ahead, by means of long-term 
contracts and agreements. 


The Johannes Works at Duisburg. (Kruppsche Monatshefte, 
1929, Vol. 10, Jan._Feb., pp. 18-19). A brief historical note on the 
Krupp blast-furnace works at Duisburg. Founded in 1856, the works 
were purchased by Krupp in 1872 in order to supply his steel foundries 
with the necessary raw material, which had previously been bought 
in the open market. 


The Witkowitz Ironworks, 1828-1928, (Montanistische Rundschau, 
1928, Vol. 20, Dec. 1, pp. 677-680). The article describes the growth 
and development of the Witkowitz Ironworks. About the year 1825 
Professor F. X. Ripl, of the Vienna Polytechnikum, recognised that 
the best means for developing the mineral wealth of the district round 
about Vienna was by the building of a railway, and, in order that the 
plant and materials for this project should be produced in the locality, 
he took active steps to inaugurate the Rudolphs-Hiitte Ironworks, 
which was the foundation upon which the present-day Witkowitz 
Works have been built up. 


Spain as an Iron-Producing Country. W. Harnickell. (Stahl und 
Hisen, 1929, Vol. 49, Apr. 18, pp. 536-539). A short note on the 
Spanish iron industry is given, with information concerning the mineral 
resources and mineral trade, the latest developments in iron and steel 
production, and iron trade statistics. The ore resources are enormous, 
and if the coke supply can be cheapened there is a prospect of extensive 
development of the industry. 


Spain Builds Flourishing Industry on own Mineral Resources. 
V. Delport. (Iron Trade Review, 1928, Vol. 83, Oct. 11, pp. 918-920). 
A brief sketch is given of the Spanish i iron and steel industry. 
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Considerable New Capacity in 1928. (Iron Age, 1929, Vol. 123, 
Jan. 3, pp. 83-88). Particulars are given of the additions made to 
the blast-furnace and open-hearth furnace capacity in the United 
States during the past year. 


The Anshan Iron and Steel Works in Manchuria. (Iron and Coal 
Trades Review, 1929, Vol. 118, Apr. 26, p. 610). The existing plant 
at this works consists of two 300-ton blast-furnaces erected during 
the war. Arrangements are in progress for the erection of a 500-ton 
furnace and for increasing the capacity-of the old furnaces to 350 tons, 
giving a combined producing capacity of 360,000 tons per year. The 
erection of a new steel mill with a capacity of 240,000 tons per year is 
contemplated. The new steel plant will include five 60-ton open- 
hearth furnaces, billet and slab mills, rod mill, tinplate mill, black 
sheet house, roll house, firebrick plant, and power house. 


The Iron Industry of Masenderan (North Persia). E.Béhne. (Stahl 
und Eisen, 1928, Vol. 48, Nov. 8, pp. 1577-1580). Some notes are 
given on the geology of Masenderan, the mountainous district bordering 
the southern end of the Caspian Sea, and separating it from the bare 
central plateau of Persia. In the valleys are deposits of excellent 
coking coal, the seams varying from 3 to 7 ft. in thickness, and lenticular 
masses of clayband ironstone likewise occur. A very primitive iron 
industry has existed here for some thousands of years, and is still carried 
on in the same manner, no doubt, as in ancient times. The coal has 
never been developed, and the fuel used is charcoal derived from the 
extensive forests filling the valleys. Illustrations of the small smelting 
furnaces and charcoal heaps are given. 


HISTORICAL. 
Presidential Address. H. Louis. (Presented to the Iron and Steel 
Institute, May 1929: this Journal, p. 29). The early history of iron 


manufacture is reviewed. 


History of Iron Founding in the Midlands. D. H. Wood. (Paper 


read before the Institute of British Foundrymen: Foundry Trade 


Journal, 1929, Vol. 40, Apr. 11, pp. 269-272). A review of the parts 
played by Dudley, Yarranton, Blewstone, Darby, Wilkinson, and 
others in the development of the iron industry in the Midlands. 


Sidelights on the History of the Iron Smelting Furnaces of Styria. 
R. Schaur. (Stahl und Hisen, 1929, Vol. 49, Apr. 11, pp. 489-498) . 
‘An historical account of the development of the blast-furnaces in Styria 


from the bloomery hearths of pre-Roman times down to the present day. 
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GENERAL FOUNDRY PRACTICE. 


Some Recent Developments in Cupola Design. F. K. Neath. (Paper 
read before the Institute of British Foundrymen: Foundry Trade 
Journal, 1929, Vol. 40, May 16, p. 368). Hot-blast cupolas, use of 
pulverised fuel firing, injection of water into the combustion zone, blast 
control, and thermocouple measurements are briefly discussed.’ 


The Cupola with Water Injection and the Schiirmann Furnace in 
Continuous Operation. G. Ott. (Die Giesserei, 1929, Vol. 16, Feb. 1, 
pp. 111-113). Comparative tests on a cupola with and without water 
injection show the favourable influence of the addition of water. 
Brief notes on the Schiirmann furnace are also given. 


The Poumay Cupola. J. Cameron. (Paper read before the Insti- 
tute of British Foundrymen, Feb. 29, 1929: Foundry Trade Journal, 
1929, Vol. 40, Mar. 21, pp. 215-216). The Poumay system of cupola 
melting is described, and tables are included showing the coke con- 
sumption in an ordinary cupola and in one of the Poumay type, analyses 
of the gas, tapping temperatures, analyses of the metal produced, and 
tapping rates. 


The Calculation of the Useful Height of a Foundry Cupola. M. 
Karnaoukhov. (Iron and Steel Industry, 1928, Vol. 2, Dec., pp. 83- 
85). Theoretical considerations involved in cupola design, and par- 
ticularly the calculation of the useful height, are dealt with mathe- 
matically. , 


An Analysis of the Performance of 54-in. Cupolas, Based upon 
Records of Practical Operation. E. H. Marbaker. (Paper read before 
the American Foundrymen’s Association, Apr. 1929). In order to 
determine the conditions surrounding the practical operation of 54-in. 
cupolas a questionnaire was sent to a number of foundries, and the 
information collected is presented by the author. Tables show in 
detail the operating conditions of eight straight-lined and eight boshed 
cupolas for the melting of grey iron. The results are discussed under 
the following headings : Effect of boshed linings on the melting rate, 
temperature of the molten iron, coke consumption, thermal efficiency, 
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air supply, theoretical calculation of coke and air, and the value of a 
second row of tuyeres. 


A Study of the 36-in. Cupola. F. B. Coyle. (Paper read before 
the American Foundrymen’s Association, Apr. 1929). The author 
presents the results of an investigation in which an attempt was made 
by close control of cupola operation to improve the uniformity and 
quality of iron for the construction of Diesel engine parts for submarine 
service, Particulars are given of a number of heats, and various 
operating features are discussed. It was found possible to improve 
the tensile strength of the iron produced by nearly 30 per cent. and 
maintain the Brinell hardness between 200 and 220. 


Melting Iron in the Cupola. J. E. Hurst. (Foundry, 1928, Vol. 56, 
Nov. 1, pp. 886-888; Nov. 15, pp. 928-930 ; Dec. 1, pp. 972-975 ; 
Dee. 15, pp. 1013-1016 ; 1929, Vol. 57, Jan. 1, pp. 29-82, 44; Jan. 15, 
ps 03045 Feb. 1) pp. 109-112; Feb. 15, pp. 164-167 ; Mar. 1, 
pp. 196-198 ; Mar. 15, pp. 234-237, 258 ; Apr. 1, pp. 298-301 ; Apr. 15, 
pp. 326-329 ; May 1, pp. 398-400, 405). The continuation of a long 


series of articles discussing in detail cupola practice. (See Journ. 
I. and S.1., 1928, No. II. p. 307.) 


Melting Practice in the Foundry. H. M. Lane. (Paper read before 
the National Founders’ Association, Nov. 22, 1928: Iron and Steel 
of Canada, 1929, Vol. 12, Jan., pp. 13-16). 


Melting Plant and Appliances in Modern Iron Foundries. J. Mc- 
Lachlan and C. A. Otto. (Iron and Steel Industry, 1928, Vol. 2, Dec., 
pp. 91-94; 1929, Vol. 2, Jan., pp. 121-123; Mar., pp. 179-181). The 
continuation of a series of articles (see Journ. L. and 8.1., 1928, No. I. 
p- 307). Charging platforms and hoists, pyrometers, and the handling 
of pig iron and scrap are dealt with. 


Contribution to the Question of the Variation of the Carbon during 
Melting inthe Cupola. H. Pinsl. (Die Giesserei, 1928, Vol. 15, Dec. 28, 
pp. 1292-1301). The author discusses the factors which control the 
carbon content of cupola-melted metal—namely, the chemical com- 
position of the charge, the temperature of the melted product, the 
duration of contact of the iron with the coke, the solubility and solution 
velocity of the carbon, and the general manner of operation (blast 
pressure and volume, additional coke, size of iron pieces charged, &c.). 
Experiments made on cupolas with and without fore-hearths to control 
the carbon content are described. 


The Change of the Total Carbon of Cast Iron During Melting. 
(Foundry Trade Journal, 1929, Vol. 40, May 2, pp. 327-328). An 
abridged English translation of the above paper by H. Pinsl. 
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Measurements on the Foundry Shaft Furnace. A. Achenbach. 
(Die Giesserei, 1929, Vol. 16, Apr. 5, pp. 309-318). The author quotes 
examples from practice of the mistakes and troubles that occur in the 
operation of the furnace, and stresses the importance of maintaining 
a thorough control of all the factors. He then illustrates, describes, 
and explains the method of using various measuring instruments for 
determining gas pressures, gas volumes, temperatures, &c. 


Calculation of the Loss of Iron from the Cupola Slag. EH. Knoppick. 
(Die Giesserei, 1929, Vol. 16, Apr. 5, pp. 321-323). By means of two 
examples it is shown that it is not correct to estimate the loss of iron 
by the iron content of the slag alone, but that other factors must be 
taken into account also. 


The Carburisation of Steel Scrap in the Cupola. M. Miklau. (Die 
Giesserei, 1929, Vol. 16, Feb. 22, pp. 182-183). 


The Use of Scrap in Grey Iron, Malleable, and Electric Steel Mixtures. 
HE. K. Smith and F. B. Riggan. (Paper read before the American 
Foundrymen’s Association, Apr. 1929). The authors discuss the 
requirements of scrap for use in foundry practice, and give typical 
mixtures for grey iron, malleable iron, and electric steel. The effect 
of varying percentages of scrap, and the effect of borings, tin, zinc, and 
burned material are shown. The desulphurisation of cast iron in 
relation to the use of scrap is also briefly discussed. 


Fuel Economy in the Cupola. N. D. Ridsdale. (Paper read before 
the Institute of British Foundrymen: Foundry Trade Journal, 1929, 
Vol. 40, Feb. 28, p. 157). The following essential points which con- 
tribute to fuel economy in the cupola are discussed briefly : quality of 
cokes ; thickness of layers of fusion coke; regularity of charging ; 
volume of blast ; and size of tuyeres. 


Improvement of Cast Iron. L. J. Gouttier. (Fonderie Moderne, 
1928, Vol. 22, Nov. 10, pp. 427-433). A description is given of the 
Walter process for the desulphurisation of cast iron. 


The Use of Chill Tests on Electric Grey-Iron Melts for the Rapid 
Determination of the Probable Structure. K. F. Krau. (Giesserei 
Zeitung, 1928, Vol. 25, Dec. 15, pp. 707-709). The author points out 
the difficulty of attaining in castings just the desired composition, 
particularly when the silicon contents of the raw materials are subject 
to variation. He reviews methods of making tests to control this, 
and describes a rapid method which has been evolved specially for 
electric furnace operation. Test-bars about 12 to 25 mm. in diam. and 
150 mm. long, the diameters corresponding to the wall thicknesses of 
the casting, are cast upright in sand with a normal moisture content 
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(about 7 per cent.). The degree of graphitisation of the bars is 
examined. The cast is then so arranged that the thinnest bar shows 
practically no graphite, the intermediate bar is mottled, and the 
thickest bar shows the normal cast structure. 


Study on the Use of a Hardening Test for Cast Iron with Medium 
Silicon Content. M. Dudouet. (Transactions of the American 
Foundrymen’s Association, 1928, Vol. 36, pp. 563-584). The results 
are given of an investigation of the preparation and use of small test- 
pieces, by means of which the total carbon +- silicon content of ladle 
samples of cast iron can be determined from the depth of chill in the 
test-piece. The factors influencing the depth of chill in the pouring of 
the test-pieces are dealt with. 


The Measurement of Cupola Air-Blast. (Foundry Trade Journal, 
1928, Vol. 39, Dec. 20, pp. 451-452; 1929, Vol. 40, Feb. 14, p. 121). 
The continuation of an article describing various types of instruments 
for the measurement of air-blast. 


Air Control in Foundry Operation. H. V. Crawford. (Paper read 
before the National Founders’ Association, Nov. 1928: Iron Age, 
1929, Vol. 123, Jan. 10, pp. 140-142). The author describes an auto- 
matic blast gate control for cupolas, which ensures the blower delivering 
a constant weight of air to the cupola under all conditions. 


Theoretical Considerations on the Question of the Preheating of 
the Blast for Cupolas. E. Piwowarsky and R. Vogel. (Die Giesserel, 
1929, Vol. 16, Feb. 15, pp. 147-153). The authors review the work 
of other investigators in their search for a measure of the combustibility 
of fuels. Experimental results of an investigation into the constants 
for the’speed of reaction of oxygen and carbon at low gas current 
velocities are recorded, and from these it is deduced that the reactions 
are often dissimilar ; accordingly the carbon reaction cannot be used 
alone as a measure of the combustibility of fuels. The authors con- 
clude by discussing the conditions with higher velocities of the gas 
current and their bearing on cupola operation. 


Hot-Blast Cupola in Pullman Foundry. R. A. Fiske. (Iron Age, 
1929, Vol. 123, Mar. 28, pp. 872-875). A description is given of the 
hot-blast cupolas in operation at the plant of the Pullman Car and 
Manufacturing Corp., Michigan City, Indiana, together with the 
results of operating tests. 


Operation of Cupola with Hot-Blast Increases Operating Economy. 
F. K. Vial. (Paper read before the American Society of Mechanical 
Engineers, Nov. 1928: Fuels and Furnaces, 1928, Vol. 6, Dec., 
pp. 1667-1670, 1690). The author presents the results obtained 
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with the use of hot-blast in cupolas and shows the savings which can 
be effected. 


The Charging of the Cupola. L. Schmid. (Die Giesserei, 1929, 
Vol. 16, Apr. 12, pp. 335-353). The transportation of materials to 
the cupola, their storage, and charging them into the cupola are dis- 
cussed from the economic point of view, namely, the cost of the liquid 
iron. The advantages and disadvantages of various methods of 
charging are considered. 


The Influence of Inclined Charging of the Cupola on the Melting 
Process. EK. Knoppick. (Giesserei Zeitung, 1929, Vol. 26, Feb. 15, 
pp. 109-110). By a systematic investigation the author has shown 
that from the metallurgical point of view mechanical charging has 
disadvantages in comparison with simple hand-charging. 


A Novel Method of Cupola Charging. R. J. H. Ritchie. (Paper 
read before the Institute of British Foundrymen: Foundry Trade 
Journal, 1929, Vol. 40, Feb. 28, pp. 159-160). 


Charging Cupolas Mechanically. J. A. Murphy. (Foundry, 1928, 
Vol. 56, Dec. 15, pp. 1023-1024). Various types of equipment used 
for the charging of cupolas are described. 


Time Studies and Analysis of Operations in Works. V. Polak. 
(Archiv fiir das Hisenhiittenwesen, 1929, Vol. 2, Jan., pp. 457-460). 
The effect of timing certain foundry operations and the consequent 
improvement in output and saving in labour are discussed. 


Principles of Continuous Production. K. Oecesterreicher. (Die 
Giesserei, 1928, Vol. 15, Nov. 9, pp. 1134-1137). The organisation 
of continuous production in a foundry and the layout of the plant for 
serial operation are discussed. The cooling and cleaning of castings 
is also touched upon. (See also Journ. I. and §.1., 1928, No. II. p. 310.) 


Mass Production in the Foundry. K. Brieger. (Die Giesserei, 
1929, Vol. 16, Apr. 19, pp. 375-380). 


Synthetic Cast Iron from the Electric Furnace. (Giesserei Zeitung, 
1929, Vol. 26, Mar. 15, pp. 161-168). This article, in German, is 
based on U.S, Bureau of Mines, Technical Paper No. 418, 1928 (see 
Journ. I. and §.I., 1928, No. I. p. 791). 


High-Test Cast Iron. R. P. Lemoine. (Paper read before the 
American Foundrymen’s Association, Apr. 1929). The author deals 
with the actual state of the production of high-duty cast iron in Europe, 
with special reference to French practice. In the first part of the 
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paper a review is given of the various scientific results which are at 
the basis of the modern progress in high-duty cast-iron production. 
The second part treats of the evolution of the practical side of the 
question during the last ten years. A sound basis of production of 
high-duty cast iron has been the semi-steel process developed during 
the war. Fairly good mechanical properties were obtained on test- 
bars, but they were not uniform in any section of a casting, which 
was a bad feature in the use of such material. The development of 
the electric furnace in foundries has given place to the single and 
duplex processes, giving the first real possibility of adopting composi- 
tions with low carbon and high silicon, leading not only to better 
properties but also to a good uniformity, and thence to more reliability. 
The careful study of melting steel scrap in cupolas for the duplex 
process, coupled with the knowledge of the fact that some kinds of 
scrap carburise slowly, has resulted in the establishment of an in- 
teresting cupola process. The final product is as uniform and reliable 
as if it were produced electrically. It is perhaps possible that cupola 
low-carbon cast iron can be further improved by taking and treating 
it in a “jarring ” or. better, a “‘ grating” forehearth. The low-carbon 
cupola process is not, technically speaking, an improvement on the 
duplex ; its principal advantages are simplicity and that it may replace 
the duplex when the operation of an electric furnace is too expensive. 


High-Test Grey Cast Iron. E. E. Marbaker. (Paper read before 
the American Foundrymen’s Association, Apr. 1929). The author 
reviews Huropean developments in the production of high-duty cast 
iron. The methods now known may be divided roughly into six 
classes, as follows: (1) Decrease of carbon content ; (2) control of 
cooling rate after casting; (3) reduction of particle size of graphite 
and improvement of distribution : (a) superheating, (b) rapid cooling 
of high-silicon iron, (c) treatment with calcium silicide ; (4) alloying 
with elements, such as nickel and chromium ; (5) agitation of molten 
iron; and (6) eutectic cast iron. Nach group is considered briefly. 


Properties of Cast Iron are Related to its Structure. i. E. Marbaker. 
(Foundry, 1928, Vol. 56, Dec. 1, pp. 979-980). Many Processes are 
Used to Produce High-Grade Castings. E. EH. Marbaker. (Foundry, 
1928, Vol. 56, Dec. 15, pp. 1005-1007). Improves Cast Grey Iron with 
Steel Scrap Additions. HE. E. Marbaker. (Foundry, 1929, Vol. 57, 
Jan. 1, pp. 10-12). A review of different methods for the production 
of high-duty cast iron. 


Melting Practice in the Foundry. H. M. Lane. (Iron Age, 1928, 
Tol. 122, Nov. 29, pp. 1359-1362). A discussion of the factors involved 
in the production of high-grade iron with minimum fuel consumption. 
The use of powdered coal in cupolas, electric furnace practice, and the 


use of scrap are touched upon. 
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Eutectic Cast Iron. A. Mitinski. (Paper read before the Inter- 
national Foundry Congress, Paris, 1928: Foundry Trade Journal, 
1928, Vol. 39, Dec. 6, p. 413). The author advocates the use of cast 
irons of eutectoid composition for high quality castings. 


A Consideration of the Various Claims for Producing High-Class 
Cast Iron. H. J. Young. (Paper read before the Institute of British 
Foundrymen : Foundry Trade Journal, 1928, Vol. 39, Dec. 6, pp. 408- 
410). The author draws attention to the variations and irregularities 
that occur in the production of different castings, and emphasises the 
need for closer control of foundry operations and proper specifications. 


The Manufacture of High Quality Cast Iron. B. Osann. (Foundry 
Trade Journal, 1928, Vol. 39, Dec. 20, pp. 448-456, 456). An English 
translation of an article which appeared in Die Giesserei, 1928, Vol. 15, 
July 6, pp. 648-655. (See Journ. I. and §.J., 1928, No. II. p. 311.) 


The Development of High-Duty Cast Iron. F. D.Corbin. (Foundry 
Trade Journal, 1929, Vol. 40, Jan. 31, pp. 83-84, 94). A review of 
recent developments in the production of high-duty cast iron, with 
special reference to processes introduced in Germany. 


Quality Cast Iron, Difficulties of its Production, and New Methods 
of Manufacture. Lincke. (Giesserei Zeitung, 1929, Vol. 26, Feb. 15, 
pp. 104-108). The author discusses progress made in the production 
of high-duty cast iron in the cupola, the electric furnace, and the 
rotating furnace; various types of furnaces are illustrated diagram- 
matically. Axially and eccentrically rotated furnaces are considered. 


Does the Production of High-Duty Cast Iron in the Electric Furnace 
Require a Basic Lining? K. F. Krau. (Die Giesserei, 1929, Vol. 16, 
Jan. 25, pp. 88-91). The metallurgical aspect of the production of 
high-duty electric cast iron is reviewed. The silicon in the acid process 
eflects a constant deoxidation and removal of gas, and so plays a 
decisive part in the refining process. 


Ascendency of Alloy Iron Castings. EH. F. Cone. (Iron Age, 1929, 
Vol. 123, Mar. 28, pp. 861-863, 924). The author surveys the develop- 
ments in the manufacture and uses of alloy cast iron in America. Some 
foundries use alloy-bearing pig iron, others introduce the alloying 
element into the metal, either in the cupola spout or in the ladle, while 
others use alloy steel scrap in the cupola mixture. The use of castings 
with from 0-30 to 1 per cent. of molybdenum is extending rapidly. 


Nickel-Alloy Cast Iron. H. Unger. (Giesserei Zeitung, 1929, 
Vol. 26, Apr. 1, pp. 181-188). The author discusses the follow- 
ing matters: German experiences with nickel-alloy cast iron; the 
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investigations of the International Nickel Co. ; action of the nickel 
addition in refining the graphite and grain-size; the reduction of 
chilling effect ; denser structure ; raising of the Brinell hardness with 
simultaneously improved machinability ; increased strength properties ; 
resistance to wear. 


Cleaning Room Progress Aids Production of Quality Castings. 
F. G. Steinebach. (Foundry, 1928, Vol. 56, Nov. 1, pp. 893-895, 
898; Nov. 15, pp. 943-946 ; Dec. 1, pp. 987-989). The continuation 
of a series of articles describing various types of equipment and methods 
used for the cleaning of castings (see Journ. I. and §.1., 1928, No. Il. 
p. 313). 


Removes Cores Hydraulically. J. Prendergast. (Foundry, 1928, 
Vol. 56, Nov. 15, pp. 922-925). Cleaning Castings Hydraulically. 
J. Prendergast. (Iron Trade Review, 1929, Vol. 84, Feb. 14, pp. 456— 
459). A description is given of hydraulic methods for the cleaning of 
castings. The economies effected by the method are indicated. 


Cleans Castings with Sand and Water. H. A. Custer, jun. (Foundry, 
1929, Vol. 57, Apr. 15, pp. 339-342). Cleaning Castings Successfully 
with Stream of Sand and Water. EH. A. Custer, jun. (Iron Trade 
Review, 1929, Vol. 84, Apr. 25, pp. 1118-1120). A method is described 
vn which a fine stream of sand is enveloped in a water-jet and is used 
for the cleaning of castings. 


Wet Cleaning. M. Maier. (Die Giesserei, 1929, Vol. 16, Mar. 1, 
pp. 205-206). The castings cleaning plant at the works of Messrs. 


F. Miiller at Esslingen is described. The economic aspect is touched 
upon. 


MOULDS AND CORES. 


Wood Patterns. IF. C. Edwards. (Paper read before the Institute 
of British Foundrymen: Foundry Trade Journal, 1929, Vol. 40, 
Feb. 14, pp. 127-129). The author discusses the requirements of wood 
patterns from several points of view. 


Some Notes on Patternmaking. J. Delaney and R. Ballantine. 
(Paper read before the Institute of British Foundrymen: Foundry 
Trade Journal, 1929, Vol. 40, Feb. 28, pp. 167-168). 


Patternmaking. D. Taylor. (Paper read before the Institute of 
British Foundrymen : Foundry Trade J ournal, 1929, Vol. 40, Mar. 7, 
pp. 179-180). 
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Progressive Working Methods in the Pattern Shop. H. Tillmann. 
(Die Giesserei, 1928, Vol. 15, Nov. 16, pp. 1157-1159). The author 
discusses the simplification of the work by suitable subdivision of 
the operations, and the better utilisation of the machinery. 


The Making of Correct Patterns. §. Fiirst. (Giesserei Zeitung, 
1929, Vol. 26, Jan. 15, pp. 37-40). By means of examples the author 
indicates various points, by attention to which the pattern-maker 
can assist the foundryman to produce good castings. 


Some Pipe Templates and Patterns. (Iron and Steel Industry, 
1929, Vol. 2, Feb., pp. 137-138). Some notes on the making of pipe 
templates and patterns are given. 


Symposium on Moulding Machines. (Foundry Trade Journal, 
1929, Vol. 40, Mar. 14, pp. 201-203; Mar. 21, pp. 217-218). Ata 
meeting of the Institute of British Foundrymen four short papers 
were presented describing the advantages of different types of moulding 
apparatus. A. S. Beech dealt with hydraulic machines; Hunter 
described pneumatic machines; F. J. Cook described adaptable 
machines ; and D. Sharpe dealt with sand-slingers. 


Semi-Permanent Moulds for Castings. J. F. Gafiney. (Iron Age, 
1929, Vol. 123, May 2, pp. 1203-1204). A method of moulding 
hydraulic plungers is described and illustrated, which allows the 
removal of the castings withouv destroying the formation of the mould. 


Water-Cooled Copper Moulds. (Metallurgist, 1928, Vol. 4, Nov. 30, 
pp. 169-170). An abstract of an article by W. Rohn (Zeitschrift fiir 
Metallkunde, 1927, Vol. 19, Dec., pp. 473-478. See Journ. I. and 8.1, 
1928, No. I. p. 827). 


The Runner in Grey-Iron Casting. Unterhuber. (Giesserei Zeitung, 
1928, Vol. 25, Dec. 1, pp. 680-682). Relative cross-sections of runners 
and risers, the relation of weight of casting to casting period, the 
maximum linear speed of metal permissible in the narrowest part of 
the mould, &c., are discussed. <A special form of pouring gate is 
described, and its use illustrated ; a “filter”? is employed, by means 
of which the metal is run in without turbulence, and slag kept back. 


Casting Technique and the Loading of the Mould. 3B. Osann. (Die 
Giesserei, 1928, Vol. 15, Dec. 7, pp. 1217-1225). The author develops 
a formula, based on theoretical principles, to calculate the time of 
casting ; he then gives the results of three experiments made to test 
the formula in practice. He also deals with the temperature of the 
iron. He determines the load necessary to put on the cope to prevent 
it floating; in addition to the buoyancy there is also the pressure 
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due to the inrush of the molten metal, which is determined experi- 
mentally. 


The Packing Properties and Power Required in Ramming and 
Jolting Moulds. A. Rodehiiser. (Die Giesserei, 1929, Vol. 16, May 3, 
pp. 413-421). The behaviour of moulding sands during ramming 
and jolting is dealt with. In order to make visible the movement of 
the sand particles, layers of sand were sieved into a suitable box ; 
plaster was sprinkled on each layer before the next was sifted in, so 
that the different layers might be distinguished afterwards. A weight 
was allowed to fall on the sand, and the sand mass was then sectioned 
so as to expose half the weight embedded in the sand, It could be 
seen that the weight had sheared through the first layers ; below that 
the layers were compressed and displaced downwards, the compression 
and displacement decreasing until at a certain depth below the weight 
the sand was not disturbed at all. Lateral disturbances were investi- 
gated by arranging the sand and plaster layers vertically. The power 
required to compress moulds in relation to their height, the power 
required for jolting, the influence of grain-size and moisture on the 
work of compression, and the resistance to compression were investi- 


gated. 


The Production of a Mould in Four Parts by Means of Templates. 
R. Loewer. (Die Giesserei, 1928, Vol. 15, Dee. 21, pp. 1274-1276). 


Casting Design Yields Savings. D. G. Anderson. (Iron Age, 
1929, Vol. 123, Mar. 28, pp. 868-871). The importance of correct 
design of castings is pointed out, and several typical examples of 
improved moulding practice are described and illustrated. A new 
type of shake-out device is also described. 


Rational Moulding with Stripping Plates. C. Schrage. (Giesserei 
Zeitung, 1929, Vol. 26, Apr. 15, pp. 219-220). 


Inspection of Moulds in the Making. P. R. Ramp. (Iron Age, 
1929, Vol. 123, Feb. 21, pp. 533-535). The author points out the 
importance of periodic inspection of moulds, and describes a system 
in operation at an American plant. 


Venting and Gas Pressure in Moulds. R. D. Welford. (Paper 
read before the Institute of British Foundrymen: Foundry Trade 
Journal, 1929, Vol. 40, Apr. 11, pp. 266-268). Uniformity of grain- 
size has a very important bearing on the venting of moulds. The 
amount of moisture is of equally great importance, as it is evident 
that in addition to increasing the permeability, the more moisture 
there is the more steam is likely to be generated. By mechanical 
ramming a mould or core can be produced of even density, the sand. 
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being evenly packed all round and over the pattern. This is a great 
advantage compared with the uneven hand-ramming. The venting of 
bottoms is best done by laying down a cinder or ash bed; this bed 


should be about 6 to 9 in. below the surface of the pattern and from ~ 


4 to 6 in. thick, and covered over. with hay, straw, or other material 
to keep the bed clear from sand. 


The Venting of Dry-Sand Moulds. KE. Flower. (Paper read before 
the Institute of British Foundrymen: Foundry Trade Journal, 1929, 
Vol. 40, Apr. 18, pp. 285-286). 


Mould Handling. R. J. Heisserman. (Paper read before the 
American Foundrymen’s Association, Apr. 1929). The development 
and application of mould conveyors in foundries are discussed, and 
their advantages are pointed out. 


The Standardisation of Moulding Boxes. A. Riebold. (Die 
Giesserel, 1929, Vol. 16, Mar. 15, pp. 249-254). 


The Surface Conditions of Castings as Affected by Core-Sand Mixtures. 
H. L. Campbell. (Transactions of the American Foundrymen’s 
Association, 1928, Vol. 36, pp. 461-468). Particulars are given of an 
investigation carried out to determine the factors which control the 
smoothness of the surfaces of castings which are formed by cores. 
The results indicate that the most desirable properties for dry-sand 
cores are obtained when the core sand contains grains of uniform size 
and of sufficient fineness to produce the required smoothness on the 
surfaces of the cores. The smoothness of castings which are formed 
by contact with cores will be practically the same as the smoothness of 
the cores, provided the metal is sufficiently fluid when it is poured to 
fill the minute cavities on the cores. The additions of bank sand or 
other finely divided materials to core-sand mixtures within reasonable 
proportions do not improve to any appreciable extent the smoothness 
of the surfaces of castings made in contact with these cores. 


The Combination of Cores for Castings. W. Schwanert. (Die 
Giesserei, 1928, Vol. 15, Nov. 9, pp. 1133-1134). The author advocates, 
where possible, the combination of the cores for castings, in order to 
lessen the work of inserting them in the moulds. He gives examples 
of cases in which this can be done. 


Accuracy Governs Core-Making Processes in Automobile Foundry. 
F. G. Stemebach. (Foundry, 1928, Vol. 56, Dec. 1, pp. 956-960 ; 
Dec. 15, pp. 1008-1012). An illustrated description is given of the 
core department of the Packard Motor Car Co., Detroit. The methods 
of handling and mixing core sand and the equipment and processes 
used in producing cores are described. 
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Pointers for the Successful Production of Oil-Sand Cores. W. West. 
(Paper read before the Institute of British Foundrymen: Foundry 
Trade Journal, 1929, Vol. 40, Apr. 18, pp. 287-299). The subject is 
discussed under the following headings: binding agents and equip- 
ment; sand drying and delivery; general notes on oil-sand binders ; 
core drying ; and core ovens. 


Baking Practice for Oil-Sand Cores. H. L. Campbell. (Paper read 
before the American Foundrymen’s Association, Apr. 1929). The 
author deals with baking practice for cores prepared with raw linseed 
oil, The changes during the baking period and the effects of tempera- 
ture and time of baking on the strength of the cores are discussed. 
Oil-sand cores may be placed directly in core-ovens which are main- 
tained at maximum baking temperatures, without injuring the cores. 
The total baking time may be decreased by using a minimum amount 
of moisture or volatile oils in the core-sand mixtures. The presence 
of oxygen is essential to the hardening of the cores. The length of 
time during which the cores are kept at maximum baking temperatures 
has a critical effect on the strength. The higher the temperature at 
which the cores are baked, the more limited is the range of time over 
which high strengths can be obtained. The removal of the gaseous 
products which are given off during the oxidation of linseed oil is 
essential to the rapid and complete hardening of the cores. 


Converting Core-Ovens to Gas Heating. J.F. Langner. (Iron Age, 
1928, Vol. 122, Dec. 6, p. 1424). Brief particulars are given of the 
change over of an installation of core-ovens from coke-firing to gas- 
firing. The benefits accruing from gas-firing are pointed out. 


Continuous Ovens Increase Capacity and Speed Production. LH. 
Bremer. (Foundry, 1929, Vol. 57, Jan. 15, pp. 82-85). An illustrated 
account is given of the methods of making, baking, and handling large 
cores for domestic boiler construction at the plant of the American 
Radiator Co., Buffalo. 


The Efficiency of Foundry Drying Chambers. O. Ebling. (Die 
Giesserei, 1929, Vol. 16, Jan. 11, pp. 27-37; Jan. 18, pp. 56-61; 
Jan. 25, pp. 80-88; Feb. 1, pp. 105-111). Thermal balances for 8 
drying chambers are presented and discussed, and the evaluation of 
the efficiency is considered. 


Baking Cores in Gas-Fired Ovens. J. B. Nealey. (Heat Treating 
and Forging, 1929, Vol. 15, Feb., pp. 223-225). The core-making 
section of the Bond plant, Buffalo, of the American Radiator Co. is 
equipped with conveyors, ovens, and moulding machines arranged to 
synchronise the two operations of making and baking. The whole 
foundry is laid out for “ straight-line ” mass production. 


1929—1, aoX 


690 THE IRON AND STEEL INDUSTRIES. 


Core Tests Show Peculiar Results. G. J. Corrigan. (Foundry, 
1929, Vol. 57, Feb. 15, pp. 144-145). The author has investigated 
the condition of cores at time of pouring the casting. Most cores lose 
60 per cent. of their strength when buried in moulding sand for 24 hr., 
and it is indicated that old moulding sand contains a chemical agent 
which attacks the core much more rapidly than moisture. 


MOULDING SANDS. 


The Testing of Moulding Sand in Theory and Practice. F. Roll. 
(Die Giesserei, 1929, Vol. 16, Apr. 26, pp. 393-401). The relationships 
between gas permeability, strength, sedimentation, adsorption, &c., 
of moulding sands are discussed, and methods of testing are described. 


Investigation of Moulding Sand. H. Nipper and EH. Piwowarsky. 
(Die Giesserei, 1929, Vol. 16, Mar. 8, pp. 219-225; Mar. 15, pp. 237- 
249). The results of an investigation of the physical characteristics 
and properties of moulding sand are tabulated. 


Investigations into Moulding Sands. (Foundry Trade Journal, 
1929, Vol. 40, Jan. 24, p. 63). An abridged translation of the above 
report giving results of an investigation by H. Nipper and H. 
Piwowarsky on the permeability of moulding sands. 


The Gas Permeability of Moulding Sands. FF. Maske and HE. 
Piwowarsky. (Foundry Trade Journal, 1929, Vol. 40, Mar. 28, pp. 233- 
236). An English translation of a report describing experiments in 
which the volumes of the gases liberated during the making of castings 
were determined. The original report appeared in Die Giesserei, 
1928, Vol. 15, June 15, pp. 559-566. (See Journ. I. and §.I., 1928, 
No. II. p. 317.) 


Moulding Sands. L. R. Dunn. (New Zealand Journal of Science 
and Technology, 1928, Vol. 10, July, pp. 74-79). The author records 
the results of tests for physical properties made on 15 New Zealand 
moulding sands. 


Some Experiences in Sand Control. KH. F. Wilson. (Paper read 
before the American Foundrymen’s Association, Apr. 1929). The 
author discusses a number’ of factors to be taken into account when 
carrying out tests on moulding sands. 


The Reclamation and Reconditioning of Foundry Sands. W. E. 
Dennison. (Foundry Trade Journal, 1928, Vol. 39, Dec. 20, p. 447), 


Py me Aik 8 


FOUNDRY PRACTICE. 691 


The subject is dealt with under the following headings: influence of 
cost, use of rational analysis, sieving tests, moisture determination 
influenced by carbon content, and steps to safeguard deterioration. 


Some Factors in the Production of Sound Grey Iron Castings. R. W. 
Kurtz and K. 8. Clow. (Paper read before the American Foundry- 
men’s Association, Apr. 1929). The authors describe the practice at 
the plant of James B. Clow & Sons, Chicago, for the production of 
sound castings. An outline is given of the moulding sand tests em- 
ployed, and melting and pouring practice. Descriptions are given of 
a combination permeability and tensile test, and a “ blowability ” 
test for moulding sand. 


The Latest Advances in Sand Preparation. W. Emrich. (Die 
Giesserei, 1928, Vol. 15, Dec. 7, pp. 1229-1231). The author discusses 
the development of wet methods for the preparation of sand, and 
describes several machines, 


The Spermolin Sand-Mixing Machine. (Iron and Steel Industry, 
1928, Vol. 2, Nov., p. 62). The sand is rotated and conveyed to the 
centre of the container by right- and left-handed scrolls working on 
a common shaft. The sand is well rubbed together and mixed with 
the required oil, but without being crushed to powder. The machine 
is both rapid and economical in operation. 


The Influence of Drying on the Properties of Used Sands. H. Pinsl. 
(Die Giesserei, 1929, Vol. 16, Mar. 29, pp. 285-291). Tables and 
diagrams showing the interrelationship of various properties, such as 
the binding power, the gas permeability, the moisture, &c., are 
given. 


New Form of Riffle Dryer for the Preparation of Sand. M. Weiss. 
(Die Giesserei, 1929, Vol. 16, Feb. 8, pp. 182-134). The author dis- 
cusses in detail the heat required for drying sand. He illustrates and 
describes briefly a new form of dryer. This consists of a long hollow 
horizontal cylinder, fired at one end ; the sand is fed in near the firing 
end and travels towards the other end, moving in the same direction 
as the hot gases. Attached to the inside of the cylinder are a number 
of riffle plates; as the cylinder revolves about its axis the sand is 
continually poured over the edges of the riftles, in thin streams, through 
the hot gases, so that drying is accelerated and is more efficient. 


Reducing New Sand Consumption in the Steel Foundry. H. A. 
Mason. (Transactions of the American Foundrymen’s Associa- 
tion, 1928, Vol. 36, pp. 549-562). The methods employed at an 
American foundry for controlling and reclaiming foundry sand are 


described. 
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SPHCIAL CASTINGS. 


Forty Years of Progress Marks Career of Engine Plant. P. Dwyer. 
(Foundry, 1929, Vol. 57, Feb. 1, pp. 94-99). The methods employed 
in the moulding and casting of gas engine and Diesel engine parts 
at the foundry of the Superior Gas Engine Co., Springfield, Ohio, are 
described and illustrated. 


Material of the Piston Heads of Large Diesel Engines. P. Wolff. 
(Die Giesserei, 1929, Vol. 16, Feb. 8, pp. 121-125). The structure 
and other features of piston heads for Diesel engines of large ships 
have been examined. The investigation shows that, without making 
use of the patented processes for the production of high-duty cast iron, 
a foundry can produce a comparable product for special purposes. 


Heavy Boiler Sections are Made on a Production Basis. KH. Bremer. 
(Foundry, 1928, Vol. 56, Nov. 1, pp. 881-884, 897). The methods 
used at the plant of the American Radiator Co. for the moulding and 
casting of domestic boiler sections are described and illustrated. 


Chilled Castings. H. Bator. (Iron and Coal Trades Review, 1929, 
Vol. 118, Apr. 5, pp. 496-497 ; Foundry Trade Journal, 1929, Vol. 40, 
May 9, pp. 339-340). The author discusses the characteristics of 
chilled castings, selection of material, importance of analysis, hardness 
determination, and characteristic structures. One of the chief require- 
ments of a good chilled casting is that the hard white layer must merge 
into the softer grey portion not only very gradually, but also in finely 
penetrating and slightly radiating lines. 


Cast-Iron Rolls. (Iron and Steel Industry, 1929, Vol. 2, Feb., 
pp. 181-135; Mar., pp. 163-164). After a reference to the history of 
roll casting, the casting of chilled rolls is described. The nature of the 
moulds, the selection of the metal for the rolls themselves and its 
composition, and the part played by the low-silicon pig iron which is 
preferred for the purpose, are discussed. A table of chemical com- 
positions of rolls is appended. 

Rolling-Mill Rolls: A Bibliography. V. 8. Polansky.  (Blast- 
Furnace and Steel Plant, 1929, Vol. 17, Mar., pp. 431-485; Apr., 
pp. 569-573 ; May, pp. 694-696). A biblhography of literature dealing — 
with the design and manufacture of rolls. Articles dealing with roll 
failures are included. . 


Making Rolls for Paper Calenders. W.8. Huson. (Iron Age, 1929, 
Vol. 123, Jan. 24, pp. 265-268). The manufacture of chilled rolls for 
paper-calendering machines is described. The rolls are cast on end, 
and the depth and character of chill is of extreme importance. 
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Alloyed Cast-Steel Chains. H. K. von Scheele. (Die Giesserel, 
1929, Vol. 16, Mar. 29, pp. 294-295). The author discusses the use 
of alloy steels for casting chains, and describes a mould for casting 
simultaneously several interlinked links of a chain. The chain is 
built up by inserting half of an end link of a previously cast section 
of the chain into the ends of the mould. A hard manganese steel 
(C 1-15, Mn 12-20, Si 0-30, P 0-07 per cent.) with 10-mm. links broke 
under a load of 8680. kg. ; it had been quenched from 1050° C. in cold 
water and then tempered for 2 hr. at 200° C. 


Alloyed Cast Iron as Raw Material for Tubes. (Rohrenindustrie, 
1929, Vol. 22, Jan. 3, pp. 3-4). 


The Arrangement of the Pattern for Making the Mould for a Cast- 
Steel Wheel. F. Konig. (Giesserei Zeitung, 1929, Vol. 26, Mar. 1, 
pp. 132-136). The author discusses all the pattern-makers’ problems 
that arise in the preparation of the mould for a cast-steel wheel, and 
gives explanations for the procedure adopted. 


The Manufacture of Cast-Steel Anvils. H. K. von Scheele. 
(Giesserei Zeitung, 1929, Vol. 26, Jan. 1, pp. 15-16). 


Practical Moulding. A Contribution towards the Economy of . 
Patterns. A. Zankl. (Die Giesserei, 1929, Vol. 16, Mar. 22, pp. 265- 
266). The author describes the moulding of a pipe, 2 m. long with 
six flanged branches, without the use of a pattern. 


Some Interesting Moulding Jobs. EH. Longden. (Paper read before 
the Institute of British Foundrymen : Foundry Trade Journal, 1929, 
Vol. 40, Apr. 18, pp. 283-284 ; Apr. 25, pp. 301-304). The operations 
involved in moulding a large centrifugal pump body, a pulping-machine 
jacketed cylinder, and a carding-engine cylinder are described and 
illustrated. 


CENTRIFUGAL CASTING. 


Centrifugal Casting of Diesel Engine Parts. J. E. Hurst. (Fonderie 
Moderne, 1928, Vol. 22, May 25, pp. 193-198). The author describes 
the centrifugal casting process, its advantages, the types of moulds 
used, and the properties of the castings. 


A Notable Foundry. (Iron and Steel Industry, 1928, Vol. 2, Dec., 

p. 69-71). The centrifugal casting plant of Messrs. Newton Chambers 

& Co., Ltd., Thorncliffe Ironworks, where the Hurst-Ball Spun Sor- 
pitic process is employed, is described and illustrated. 
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The Centrifugal Casting of Iron Pipes. EH. J. Fox and P. H. Wilson. 
(Paper read before the Co-ordinating Societies, Birmingham, Jan. 8, 
1929: abstract, Iron and Steel Industry, 1929, Vol. 2, Feb., pp. 147- 
150). A description of the plant and methods employed by the 
Stanton Iron Co., Ltd., for the centrifugal casting of pipes. 


Centrifugal Casting. J. Ladouce. (Arts et Métiers, 1929, Vol. 82, 
Apr., pp. 121-131). The author discusses the principles, the history, 
and modern methods of carrying out the centrifugal casting of pipes. 


Briede Process of Pipe-Casting. (Iron and Steel Industry, 1928, 
Vol. 2, Nov., p. 52). A brief note of the centrifugal pipe-casting 
machines in use at Gelsenkirchen. 


New Foundry for Centrifugally Cast Pipes by the Moore-Wood 
Process. J. Mehrtens. (Giesserei Zeitung, 1929, Vol. 26, Feb. 1, 
pp. 83-87). The new centrifugal pipe foundry of Messrs. R. D. Wood 
& Co., Florence (N.J.), is described. Sand moulds are used. 
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Produces Alloy Castings to Withstand Severe Service. H. R. 
Simonds. (Foundry, 1929, Vol. 57, Mar. 1, pp. 180-183). Particulars 
are given of the production of nickel and alloy steel castings for cor- 
rosion and heat resistance as carried out at an American plant. 


Axle Housings of Electric Steel. HE. Favary. (Iron Age, 1929, 
Vol. 123, Feb. 14, pp. 477-478). The author describes electric furnace 
practice for the production of axle housings. These castings contain 
about 0:30 to 0-31 per cent. of carbon and 1 per cent. of nickel. 


High-Manganese Steel. A. Manuelli. (Ingegneria, 1927, Vol. 6, 
Nov., pp. 382-389). The author discusses the manufacture of high- 
manganese steel, and deals with its use for the making of castings, 
adding comments on the most suitable moulding materials. He 
touches also on the mechanical properties of the steel. 


MALLEABLE CAST IRON. 


Malleable Cast Iron. C. H. Plant. (Iron and Steel Industry, 
1928, Vol. 2, Nov., pp. 53-55; Dec., pp. 89-90, 94; 1929, Vol. 2, 
Jan., pp. 117-119; Feb., pp. 151-152; Mar., pp. 175-176). The 
continuation of a series of articles (see Journ. I. and §.I., 1928, No. II. 
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p. 323). In the present instalments the author deals with the melting 
of whiteheart iron, and gives details concerning the structure and 
operation of the cupola. He then turns to the annealing of white- 
heart castings, and discusses all aspects of the process, including the 
use of regeneration, types of furnaces, systems of charging, cleaning 
practice, annealing boxes, the theory of the process, the removal of 
carbon, effects of impurities, retardation of graphitisation defects in 
castings, and mechanical tests. The author next gives attention to 
the blackheart process, and discusses the composition of the raw 
material, the influence of impurities, the furnaces used for melting 
and their fuels. 


The Importance of the Brackelsberg Furnace for the Foundry, in 
Particular for the Production of High-Duty Cast Iron. P. Bardenheuer. 
(Die Giesserei, 1928, Vol. 15, Nov. 23, pp. 1169-1173). A diagram of 
the Brackelsberg furnace is reproduced. The furnace body is a hori- 
zontal cylinder with axial openings at each end; it is heated from one 
end by pulverised coal, the air-blast being preheated by the waste 
gases issuing from the other end. The furnace body is tipped length- 
wise for charging, and can be given a rocking motion about its axis. 
For the method of firing it is claimed that the fuel ash and sulphur do 
not enter the metal; the excess air is reduced to a minimum, and, 
consequently, the temperature attained is very high and melting 1s 
rapid. Rocking the furnace brings cold material into the hotter parts. 
Up to a point not much above the melting point of the iron, the solu- 
bility of oxide in the metal is low, and it is therefore able to enter the 
slag. As soon as melting is complete the metal is covered with a slag, 
lime being added for the purpose ; sufficient slag is formed to protect the 
metal without acting as a heat insulator. Solution of gases and oxides 
is thus reduced ; in the ladle the metal lies quiet without the evolution 
of gases. The superior qualities of iron melted in this furnace and 
the advantages of the method of melting for the production of high- 
duty cast iron and malleable cast iron are discussed very fully. 


The Coal-Dust Fired Rotating Furnace Compared with the Cupola 
for the Production of High-Duty Malleable Iron. H. Kalpers. 
(Giesserei Zeitung, 1929, Vol. 26, Feb. 1, pp. 78-82). The Brackels- 
berg furnace is described, and its advantages for the production of high 
quality malleable iron are considered. 


Coal-Dust Rotary Furnace versus the Cupola for the Production of 
High Quality Malleable Iron. H. Kalpers. (Foundry Trade Journal, 
1929, Vol. 40, Apr. 4, pp. 257-258). 


Duplex Plan Reduces Melting Time. 3B. Finney. (Iron Age, 1929, 
Vol. 123, Feb. 7, pp. 397-399). Particulars are given of the duplex 
melting system adopted by the Southern Malleable Iron Co., Hast St, 
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Louis, Illinois. Iron is melted in a cupola and discharged through an 
open spout into the rear of an air furnace, where the first stage of 
refining is carried out. This refining zone is separated from the main 
part of the furnace by a bridge wall of firebrick and silica sand. In 
construction the cupola does not depart from the usual design. How- 
ever, by manipulating the blast, it is possible to close down the 
cupola, stop melting, and start again without dropping the bottom. 
Upper and lower tuyeres of the cupola are used alternately in order 
to change the melting zone and bring about proper slagging conditions. 
A small container supplied with a desulphurising compound in powdered 
form is mounted on the blast-pipe of the cupola and the compound 
enters the cupola with the blast. In the air furnace the two zones are 
connected by a short spout through openings in the side wall. When 
the metal is ready to be transferred from the first to the second 
refining zone, the operator taps out the metal in the same manner as 
in the old-style furnace. A steam pipe is provided outside the opening 
of the first refining zone. The steam is directed against the surface 
of the molten metal as it passes from one zone to the other, forcing 
the slag back and causing it to flow through a side trough constructed 
for that purpose. 


Production of Malleable Castings. F. H. Hurren. (Paper read 
before the Institute of British Foundrymen: Foundry Trade Journal, 
1929, Vol. 40, Jan. 10, pp. 33-36). The author describes moulding 
practice and the subsequent annealing process for the production of 
whiteheart malleable iron. 


The Heat Treatment of Malleable Cast Iron. H. A. Schwartz. 
(Fuels and Furnaces, 1929, Vol. 7, Feb., pp. 187-191). The subject 
is discussed under the following headings: formation of graphite in 
cast iron, the conversion of the carbon, graphitising temperature, and 
furnaces used in heat-treating malleable castings. 


Practical Aspects of White-Fracture Malleable. D. P. Forbes. 
(Paper read before the American Foundrymen’s Association, Apr. 
1929). The author describes the white fracture which sometimes 
appears in blackheart malleable cast iron, and the conditions under 
which it occurs. Certain remedies for its avoidance, and a possible 
metallurgical explanation of the phenomenon, are put forward. 


FOUNDRY PLANT. 


Farrington Foundry Leyland Motors, Ltd. (Iron and Coal Trades 
Review, 1929, Vol. 118, Jan. 4, pp. 1-2). The equipment of this iron 
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and steel foundry is described and illustrated. Electric are furnaces 
are used in the steel melting shops. 


Automobile Foundry Practice. (Automobile Engineer, 1929, Vol. 19, 
Mar., pp. 82-87). The foundries of the Midland Motor Cylinder Co., 
Ltd., and of the Birmingham Aluminium Casting (1903) Co., Ltd., 
are illustrated and described. 


The Chevrolet Foundry at Saginaw, Mich., Division of the General 
Motors Corporation. F. E. Griitzmacher. (Die Ghiesserei, 1928, 
Vol. 15, Nov. 16, pp. 1150-1157; Nov. 23, pp. 1173-1182). The 
foundry, which is laid out for the mass-production of castings, 18 
described and illustrated. 


Lumber Company Makes Castings. ©. Babtie and L. O. B. Lind- 
strom. (Iron Age, 1929, Vol. 123, Jan. 31, pp. 335-337). Particulars 
are given of the equipment of the new foundry of the Red River Lumber 
Co., at Westwood, California. The foundry is operated electrically 
throughout and produces iron, steel, and. non-ferrous castings. 


The Addition of a Steel Foundry to an Open-Hearth Steelworks. 
A. F. Hager. (Die Giesserei, 1929, Vol. 16, Mar. 29, pp. 291-294). 
The author describes the erection and equipment of a steel foundry 
which was to obtain its liquid steel from the open-hearth steelworks 
alongside which it was built. 


Efficient Steel Casting Grinding. F. A. Lorenz, jun. (Paper read 
before the American Foundrymen’s Association, Apr. 1929). The 
author discusses the efficient grinding of steel castings and describes 
the experience at his own plant. Comparative costs of grinding by 
two methods are tabulated. 


Equipment Saves Time and Floor Space. P. Dwyer. (Foundry, 
1929, Vol. 57, Apr. 15, pp. 316-821, 329). The mould-conveying and 
sand-distributing equipment at the plant of the Sandwich Foundry 
Ltd., Sandwich, Ontario, are described and illustrated. 


Materials Handling in Grey Iron Foundries. A. Walton. (Paper 
read before the American Foundrymen’s Association, Apr. 1929). 


Transport in the Small Foundry. M. Escher. (Die Giesserel, 1929, 
Vol. 16, Apr. 19, pp. 380-881). 


Electric Trucks in the Foundry. Lucas. (Die Giesserel, 1929, 
Vol. 16, Apr. 19, pp. 365-375). A number of electrically propelled 
trucks and wagons for transporting materials in a foundry are illus- 
trated and discussed. 
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Travelling Cranes in the Foundry, in Particular Working Speeds and 
Control of Travelling Cranes. Hubert. (Die Giesserei, 1929, Vol. 16, 
Apr. 12, pp. 353-358). ‘ 


COOLING PHENOMENA AND DEFECTS IN CASTINGS. 


The Metallurgy of Steel Castings. A. McCance. (Paper read before 
the Institute of British Foundrymen, and Institution of Mechanical 
Engineers: Foundry Trade Journal, 1928, Vol. 39, Dec. 27, pp. 465- 
466; 1929, Vol. 40, Jan. 10, pp. 25-26). The author discusses the 
phenomena of the contraction of steel castings. The three stages are 
dealt with—liquid, solidifying or freezing, and cooling contraction. 


Shrinkage in White Cast Iron. H. A. Schwartz. (Paper read 
before the American Foundrymen’s Association, Apr. 1929). The 
author discusses the formation of porous spots during the freezing of 


white cast iron. The mechanism by which these spots are formed is — 


first considered. The available data, regarding the changes of density 
at the freezing point of iron, are briefly reviewed, a method for the 
direct determination of this type of shrink is described in detail, and 
a series of results on commercial heats is given, showing that although 
carbon and silicon content affect shrinkage slightly there are variables 
of much greater magnitude which have not been worked out. The 
subject is treated entirely from a metallurgical viewpoint, and no 
attention has been given to the design of patterns. 


Will Shrinkage Test Show Pig Iron Quality? E.J. Lowry. (Paper 
read before the Association Technique de Fonderie de Belgique: 
Foundry, 1929, Vol. 57, Mar. 15, pp. 228-230). It is indicated that 
blast-furnace practice influences the quality of the pig iron produced 
and bears some relationship to shrinkage encountered in castings. 


What Conclusions can the Foundryman Draw from Diagrams of 
the Specific Volume Changes of Metals? P. Kroll. (Revue Technique 
Luxembourgeoise, 1929, Vol. 21, Jan—Feb., pp. 8-10). The author 
discusses the effects of shrinkage and contractton—as revealed by 
specific volume curves—in the molten, semi-molten, and solid states 
on the porosity, tendency to pipe, and lability to contain blowholes, 
of the cast metal. 


Internal Stresses. A. Le Thomas. (Paper read before the Inter- 
national Foundry Congress, 1928: Foundry Trade Journal, 1928, 
Vol. 39, Dec. 6, pp. 414-415). Stresses in castings and means for their 
elimination are discussed. 
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Thermal Cracks in Steel Castings. K. Singer. (Die Giesserel, 
1928, Vol. 15, Dec. 7, pp. 1225-1229). 


The Influence of Casting Temperature on Chilled Castings. I’. Busse. 
(Die Giesserei, 1929, Vol. 16, Feb. 22, pp. 169-179). The author 
discusses the factors governing the crystallisation process in chilled 
castings, such as chilled rolls. He has collected together a number 
of observations from practice, and has constructed frequency curves 
relating to the formation of cracks and blowholes, depth of chill, and 
types of structure. Within the casting temperature interval 1220° 
to 1320° C., the supercooling and speed of crystallisation in the outer 
zone increases with rising casting temperature ; away from the wall, 
however, the speed of recrystallisation is greater with cold casts. With 
different silicon contents the influence of the casting temperature on 
the depth of chill is variable. With very hot casts the speed of 
crystallisation is so rapid that few nuclei form ; the resulting crystals 
are fine needles, and the metal is brittle. With lower casting tempera- 
tures the structure is better. No connection could be traced between 
the casting temperature and the occurrence of cracks. A low casting 
temperature (1220° to 1200° C.) was conducive to the formation of 


blowholes in the outer zone. 


Sponginess in Cast Irons. J. Butterworth. (Paper read before 
the Institute of British Foundrymen : Foundry Trade J ournal, 1929, 
Vol. 40, May 16, pp. 362-363). The author discusses the occurrence 
of pinholes resulting from occluded gases and dirt holes caused by 
oxidation of the metal. 


Waster Castings: their Lesson and their Prevention. A. HE. M. 
Smith. (Foundry Trade Journal, 1928, Vol. 39, Dec. 13, pp. 429-430). 
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STEEL-MAKING PROCESSES. 


Proposed Basic Bessemer Process at the Kerch Works. V. Grum- 
Grjimailo. (Journal of the Russian Metallurgical Society, 1928, No. 1, 
pp. 77-84). (In Russian.) 


The Kiihn System of Regeneration. Thaler. (Feuerungstechnik, 
1928, Vol. 16, June 1, pp. 123-125). It is pointed out that the gases 
leaving the ordinary type of open-hearth regenerator have frequently 
a temperature higher than 800° C.; this is recoverable by means of 
waste-heat boilers, provided that there is a use for all the steam pro- 
duced. There are, in addition, other inconveniences of this system : 
The output of the boilers is the inverse of that of the furnace ; fusion 
of the upper part of the checker work leads to stoppages and conse- 
quent falls of temperature in the furnace hearth ; the operation of the 
furnace is irregular; and maintenance costs are high. The Kiihn 
regenerator is much taller than the normal, and the section is reduced 
as the gases cool off. The first checker work is of silica brick. Practical 


operating results are given (see also Journ. I. and §8.1., 1928, No. I. 
p. 810). 


The Construction of Ports of Open-Hearth Furnaces. V. Balabanoff. 
(Journal of the Russian Metallurgical Society, 1928, No. 1, pp. 129- 
138). (In Russian.) 


The Isley Furnace Control. G.A.Merkt. (Iron and Steel Engineer, 
1929, Vol. 6, Apr., pp. 164-172). The author describes the Isley 
furnace control as applied to open-hearth furnaces, and gives particulars 
of operating results and economies obtained. 


Electric Open-Hearth Door Hoists. (Iron Age, 1929, Vol. 123, 
Feb. 7, pp. 413-414). Illustrated particulars are given of the Blaw- 
Knox electric door hoist. The hoist is situated at the back of the 
furnace. A motor operates the main shaft which in turn actuates 
the pulley sheaves on which are wound the cables leading to the various 
furnace doors. These cables cross the furnace top and carry the door 
on one end and a counterweight on the other end. By this arrange- 
ment the cables are always taut, and there is no play or lost motion 
between the counterweight and the door. To open a certain door the 
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operator presses the button corresponding to that door, and also a 
button to start the motor. The operator has complete control, being 
able to move any door in either direction any desired amount. 


Large Open-Hearth Steel Furnaces. F. A. King. (Paper read 
before the American Iron and Steel Institute, May 1929). Perhaps 
the more important advance in the development of open-hearth 
capacity has been in furnaces installed during the last few years. 
The open-hearth plant of the Weirton Steel Co. includes 12 stationary 
furnaces of from 150 to 350 tons capacity. The hearth dimensions are 
approximately as follows : 


Bath Bath Hearth 

Tapping. Length, Breadth. Area, 

Furnaces, Tons. Ft. Ft. Sq. ft. 

Nos. 1 to 6 5 5 150 40 16 615 
7 to 10 x ‘ 250 45 17 720 

INow, LE . : : 300 49 19 860 
Apel i A 350 55 19 992 


Experience at Weirton indicates a tendency to increased yield in the 
product of the larger furnaces. Oxidation in the deeper bath is not 
quite so extensive as in the shallower. Less bottom trouble has been 
found as the size or depth of bath increases. With the deeper bath 
the bottom cleans better and is more easily kept in proper condition, 
and in practice the larger furnaces have given less bottom trouble. 
There is no question that there is a limit to the size of open-hearth 
furnaces, as there is to blast-furnaces. But it is believed with large 
open-hearth furnaces that the limit in size has not been reached. To 
keep pace with the modern trend of all industries, furnaces will be 
built even larger than the Weirton 350-ton furnace, which is the 
largest stationary open-hearth furnace in operation or projected. 


Possibilities of Improving the Heat Economy of Open-Hearth Fur- 
naces. M. Tigerschiold. (Jernkontorets Annaler, 1928, Vol. 111, 
pp. 71-103). 


Operation of Open-Hearth Furnaces. (Iron Age, 1928, Vol. 122, 
Noy. 22, pp. 1294-1298; Nov. 29, pp. 1866-1368). A digest is given 
of the proceedings of the Pittsburgh Meeting of the Open-Hearth 
Committee of the American Institute of Mining and Metallurgical 
Engineers. A number of problems in connection with the design and 
operation of open-hearth furnaces were discussed, and a brief description 
is given of the 25-ton acid-lined furnace at Indiana Harbour, which 1s 
designed on the Stevens principle. This furnace is built largely of 
structural steel, is covered with steel plate to the floor line or above, 
and is insulated. The covering includes the regenerators and slag 
pockets. The chambers are under the hearth of the furnace, and have 
13 ft. depth of checker brick with a top area 9 ft. 6 in. square. The 
top layers of the brickwork are silica and the lower portion clay. Air 
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is supplied by means of a fan controlled by a Stevens valve. The 
accumulations of slag were reported to be very small—only about 6 in. 
in each pocket—and about | in. of dirt on the checker work. Fuel 
consumption of 44 to 56 gal. to the ton was reported to have been 
reduced on the first 500 heats to 23-68 gal. 


Review of Modern Open-Hearth Practice. G. D. Tranter. (Blast- 
Furnace and Steel Plant, 1929, Vol. 17, Jan., pp. 69-74, 80). A 
résumé of developments in equipment and methods employed in the 
basic open-hearth process in America. 


Modern Open-Hearth Practice in Germany. F. Stein. (Blast- 
Furnace and Steel Plant, 1929, Vol. 17, Mar., pp. 409-414). The 
author reviews the progress which has been accomplished in German 
open-hearth plants during the last few years. Important features 
in furnace design such as the Hoesch and Moll furnaces and the Kithn 
chamber are dealt with. The application of fuels and the correct 
proportioning of the charge are also discussed. The new classes of 
steel developed for structural purposes are touched upon. 


Recent Progress in Steel Manufacture Abroad. J. K. Hoyt. (Iron 
and Steel of Canada, 1929, Vol. 12, Jan., pp. 28-29). A brief report 
of observations made during a recent visit to important steel-making 
centres in England and Sweden. 


Calculation of Carbon Balance of Metallurgical Furnaces. R. D. 
Pike. (Industrial and Engineering Chemistry, 1928, Vol. 20, Dec., 
pp. 1356-1361). The author describes the application of stoichiometry 
to the development of a complete carbon balance, and incidentally 
the fuel balance, of a type of metallurgical furnace in which account 
is taken of the possibility of leakage outwards from certain parts of 
the furnace of carbon-bearing gases. 


Manufacture of Thick-Skinned Ingots of Rimming Steel. H. D. 
Hibbard. (Fuels and Furnaces, 1928, Vol. 6, Nov., pp. 1527-1530 ; 
Dec., pp. 1687-1689 ; 1929, Vol. 7, Jan., pp. 67-69; Feb., pp. 235- 
237; Mar., pp. 395-397). A series of articles describing the manu- 
facture of thick-skinned ingots of rimming steel by the open-hearth 
process. The first article deals with gas holes in rimming steel, typical 
ingots, and the primary and secondary skin. The second article 
describes the general procedure of open-hearth furnace operation for 
the production of this type of steel. The third article deals with the 
control of the temperature of the bath. The fourth article contains a 
discussion of the three kinds of gas holes that are present in rimming 
steel, their formation and effect on the steel. In the fifth article the 
characteristics of the ingots and the influerice of speed of teeming are 
dealt with. 
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Physical Chemistry of Rimmed Steel. J. H. Carlin. (Blast-Furnace 
and Steel Plant, 1929, Vol. 17, Feb., pp. 261-262). The practice in 
producing rimmed steel in the open-hearth furnace is outlined. The 
amount of carbon monoxide present in steel before the addition of 
manganese is dependent on temperature only, and independent of 
carbon and ferrous oxide content. High-carbon steels after the addition 
of manganese contain less gas (VO) than low-carbon steels, and for 
this reason it is impossible to rim high-carbon steels. The evolution 
of gas (CO) depends upon actual solidification of the metal. Carbon 
content and temperature are the most important factors in the manu- 
facture of rimmed steel. 


Making Large Plates of Alloy Steel. (Iron Age, 1928, Vol. 122, 
Dec. 13, pp. 1492-1494). The manufacture of nickel steel plates 
containing between 2 and 3 per cent. of nickel is described. During 
melting it is only necessary to use ordinary precautions to ensure a 
good sound steel. Nickel is added in the forms of nickel steel scrap 
and metallic nickel. Either the acid or basic process may be used. 
The killing of the steel is of primary importance since blowholes in 
the ingot do not weld up satisfactorily. This is accomplished by the 
addition of silicon, manganese, and aluminium to the bath or ladle. 
The design of the mould is of great importance, and a mould with fluted 
walls gives excellent results. The greatest care is necessary in pouring 
to avoid such defects as splashes, laps, stop-pours, and mould pulls. 
While bottom-pouring has been largely employed in the production 
of deck-plate armour of this analysis, the recent trend is towards top- 
pouring, using great care to avoid splashes. The ingot should be 
stripped from the mould as soon as it has solidified, and placed imme- 
diately in a pit to protect the outer surface from chilled air. The pit 
should remain at approximately the temperature of the ingot for about 
1 hr. and then should be gradually heated to 2150° F. with a smoky 
flame. If the ingot gets too hot or an oxidising flame is used, the 
original scale will fall off, and during rolling it will be extremely difficult 
to clean the plate of the second scale which forms. The cleaning of 
the plate during rolling is best accomplished by high-pressure water, 
salt, and old burlap soaked in brine. In the process of rolling the 
ingot is first given one or two passes in a longitudinal direction to 
“sadden” the ingot. It is then cross-rolled for width. When the 
ingot is reduced to about one-half in thickness and to a size suitable 
for reheating, it is cooled and inspected. It is then chipped with 
pneumatic chisels to remove serious surface defects, although often 
the entire top and bottom surface is planed off, an expensive treatment 
which is frequently justified. The clean slabs are then reheated and 
finished on a 4-high reversing mill. When the plate has been subjected 
to the heavier drafts, and after the top surface has been cleaned with 
burlap and salt, it is turned over so that the bottom surface may be 
cleaned while rolling is completed. The best combination of physical 
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properties in nickel steel plates is obtained if they are finished at a 
good red heat (1450° to 1500° F.) and allowed to cool slowly through 
the critical range on the cooling bed by piling one plate on top of 
another, or by piling and covering with sand. 


The Manufacture of Acid Open-Hearth Steel for Forging Ingots. 
H. P. Rassbach. (Transactions of the American Society for Steel 
Treating, 1929, Vol. 15, Feb., pp. 289-302). An outline is given of 
acid open-hearth practice for the production of ingots for heavy forgings 
at the plant of the Midvale Steel Co., Philadelphia. The furnaces used 
vary in capacity from 50 to 70 tons and are oil-fired. Fundamental 
slag reactions are discussed. The sizes of the ingot moulds used range 
from a 9-in. sq. to a 108-in. octagon. The lightest ingot poured is 
600 lb. and the heaviest is 500,000 lb. Four methods of pouring are 
practised: (1) Bottom-pouring through a runner; (2) top-pouring 
direct into the mould ; (3) top-pouring through a head box; and (4) 
combination of top and bottom pouring. In pouring an ingot from 
the bottom entirely there is a tendency for the formation of pipes and 
secondary shrinkage cavities. However, by pouring only the body of 
the ingot from the bottom and then filling up the sinkhead from the 
top, this condition can be eliminated. 


Deoxidation of Steel with Silicon. C. H. Herty, jun., and G. R. 
Fitterer. (Transactions of the American Society for Steel Treating, 
1929, Vol. 15, Apr., pp. 569-588). The authors present an outline of 
the function of silicon in basic open-hearth practice, and the results 
of an investigation on the mechanism of the deoxidation of steel with 
silicon. The formation and elimination of silicates are briefly discussed. 
It is concluded that the mechanism of deoxidation with silicon is, first, 
the formation of silica by the reversible reaction of silicon with FeO, 
and, secondly, a fluxing of more FeO by the silica, forming a ferrous 
silicate inclusion. Complete deoxidation of steel is impossible unless 
the oxide formed is absolutely infusible and insoluble at steel-making 
temperatures. It is also concluded that silicates high in iron or man- 
ganese will be more readily eliminated from the bath than high silica 


particles, due to their lower melting point, with consequent increased 
rate of coalescence. 


Ferrous Silicates in Steel. C. H. Herty, jun., and G. R. Fitterer. 
(Proceedings of the American Society for Testing Materials, 1928, 
Vol. 28, Part II., pp. 23-40). The results are reported of an investiga- 
tion on deoxidation with silicon, with particular emphasis on the type 
of inclusion formed when various amounts of silicon are added to a 


bath of steel, and on the effect of the silicates on the forging and rolling 
of steel. 


The System Ferrous Oxide-Silica, C. H. Herty, jun., and G. R. 
Fitterer. (Industrial and Engineering Chemistry, 1929, Vol. 21, 
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Jan., pp. 51-57). The authors present the results of a study of the 
equilibrium diagram of the system FeO-SiO,, wherein the melting 
points of slags low in silica are dealt with. A comprehensive survey 
of all previous work on the system is given and compared with the 
present work. The methods ‘used in the preparation of the ferrous 
silicates, the micro-analyses, and the determinations of melting points 
are different from those used in any previous investigation on this 
system, A complete equilibrium diagram has been constructed, and 
is represented in a three-dimensional figure by plotting composition 
against temperature against heat content. 


Unreduced Oxides in Pig Iron and their Elimination in the Basic 
Open-Hearth Furnace. ©. H. Herty, jun., and J. N. Gaines, jun: 
(American Institute of Mining and Metallurgical Engineers, 1929, 
Technical Publication No. 165). Much trouble has been experienced 
by steelmakers in making good steel from a type of iron known generally 
as “bad iron” or “ dirty iron,” although within the specified limits 
as to ordinary analysis. Among the reasons suggested is that un- 
reduced material in the iron is responsible. This problem has been 
investigated and the results are presented. Inasmuch as a “ spell” of 
dirty iron occurs without warning and may be of short duration, it was 
deemed advisable to attempt to simulate the conditions existing before 
and during such a period and compare the quality of the steel made 
with the normal and with the dirty iron. Three heats were observed, 
using iron made under normal operating conditions at the blast-furnace. 
The burden was then increased to throw the furnace on the cold side, 
and two open-hearth heats were made from the resultant low-silicon, 
cold-hearth iron. The operation of the blast-furnace and open-hearth 
was followed closely, a large number of samples, temperature readings, 
and other data being taken. The open-hearth product, a low-carbon 
rimming steel, was rolled into 4 x 4-in. billets, then to 14-in. rounds ; 
some of the billets were rolled into sheets and were zinc-coated. 

It can be stated from the results that there is generally a certain 
quantity of oxides, chiefly SiO,, FeO, MnO, and Al,Og, in pig iron from 


the blast-furnace. The total amount varied in this test from a trace 


to about 0-13 per cent. of the weight of the iron. It is shown that 


‘the highest percentages of silicates (this term is used to indicate the 


total non-metallic impurity, since SiO, is the main constituent) are met 
with at times when the furnace is working irregularly. A comparatively 
rapid change in hearth temperature, whether hotter or colder, or an 
increase in the rate of stock descent, such as a slip, will cause a sharp 
increase in the silicate content of the iron. ad. £ 
In the open-hearth the iron used during the five heats varied in 
its silicon content from 1-11 to 0-20 per cent. As would be expected, 
the heats with the low-silicon iron melted soft and offered some 
difficulty in working and in forming the slag ; however, no noticeable 


difference in the quality of the finished steel could be detected. Bars 


from the heats were rolled into sheet and were zinc-coated, with no 
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difference in quality between heats. It should be kept in mind that 
low-carbon rimming steel heats were made in this investigation in 
order to avoid complications arising from the introduction of silicon 
in higher carbon heats. 

Tables and curves showing logs of the various heats are given. 
In none of the test heats was the steel sufficiently dirty to show defects 
which could be traced to silicates from the pig iron, and the data 


collected are not sufficient to correlate bad iron with trouble in the ~ 


finished steel. 


Oxygen Contents in Basic Open-Hearth Steel before the Addition 
of Deoxidisers. A. Silin. (Journal of the Russian Metallurgical 
Society, 1929, No. 1, pp. 102-112). (In Russian.) 


A Study of Sulphur in the Basic Process. H. L. Geiger. (Blast- 
Furnace and Steel Plant, 1929, Vol. 17, Feb., pp. 287-289). The 
author continues his discussion of sulphur in the basic open-hearth 
process (see Journ. I. and §.I., 1928, No. I. p. 299). In the present 
article the sources of sulphur, especially the fuel, are outlined, and 
methods of desulphurisation are briefly reviewed. 


The Comparative Economy of Various Decarburisers used in the 
Open-Hearth Process. 8. Schleicher. (Stahl und Hisen, 1929, Vol. 49, 
Apr. 4, pp. 458-462). Trials were made in an open-hearth furnace 
with various decarburisers with the object of discovering the effect of 
these on the cost of the process. Rolling-mill scale proves to be the 
most economical, the value of the iron gained being slightly in excess 
of the cost of the scale and lime added. With pure Swedish ore, after 
balancing gains and losses, the cost works out at 2-46s. per 100 kg. of 
carbon requiring to be burned. Using siliceous hematite (with Fe,O, 
57-71, and SiO, 40-80 per cent.) the cost becomes 10-84s. per 100 kg. 
of carbon burned, the reason for the much higher cost being the in- 
creased quantity of lime added and the higher loss of iron by burning. 
The quantity of oxygen in the decarburiser does not in the least affect 
the speed of decarburisation, but it does determine the amount of 
decarburiser required. The decarburiser should be added in a quantity 
corresponding to the rate of combustion of the carbon in the bath. If 
added in excess of that rate, the excess iron oi the ore used is slagged, 
instead of going into the bath. 


Conditions on which the Effects of Decarburising Agents Depend 
in the Open-Hearth Furnace. EH. Killing. (Stahl und Eisen, 1929, 
Vol. 49, Apr. 18, pp. 527-531). The comparative value of various 
ores used as decarburisers is again studied. The chief factors to 
consider in choosing a decarburiser are the iron content, the quantity 
and form of combination of the oxygen, the degree of acidity or basicity, 
the amount of injurious constituents, the mechanical condition, and 
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the moisture free or combined. The effect of the decarburiser is mainly 
influenced by the time at which it is added, the bath temperature, the 
composition of the charge and of the slag, the composition of the gas 
and quantity of air for combustion, and the hearth area. The kind 
of ore chosen may have quite an appreciable effect on the cost of pro- 
duction. The theoretical calculations concerning the advantage of 
ferric oxide as compared with ferrous have proved true in practice. 
A high silica content in a decarburiser greatly reduces its efficiency. 


Significance of the Simple Steel Analysis. H.D. Hibbard. (Trans- 
actions of the American Institute of Mining and Metallurgical Engineers, 
1928, Vol. 76, pp. 666-688). The author points out the limitations 
of ultimate analysis as an indication of the properties of a simple steel, 


and describes the functions of the different constituents in steel-making 
practice. 


Basic Open-Hearth Yields. C. D. King. (American Institute of 
Mining and Metallurgical Engineers, 1929, Technical Publication 
No. 186). In discussing basic open-hearth yields the author refers 
to the ingot yields obtained in the process of converting pig iron, scrap, 
and ore to steel. In this conversion some scrap is produced. The 
difference between the total weight of ingots and scrap produced and 
the original metallic charge constitutes the loss. Basic open-hearth 
yields vary considerably, and while some of the divergencies can be 
explained metallurgically because of differences in slag analysis, pro- 
portion of pig charges, and character of steel made, there often remain 
differences that apparently do not readily disclose themselves. 

The losses in basic open-hearth practice are usually as follows: 
carbon eliminated with waste gases; metalloid elimination in slag ; 
free Fe in slag; unrecoverable spillage; metallics lost and lodged 
in checker chamber dust, brickwork, and slag pockets, and carried 
away by waste gases ; and wastage incidental to recovery and prepara- 
tion of miscellaneous scrap. If the condemned ingots and ingot butts 
are added to this group and provision is made for loss on “ additions,” 
this grand total subtracted from the gross metallic mixture gives the 
ingot yield. The influence of the various types of losses and the 
method of calculation are explained in detail. Duplex practice is 
also considered. 


The Measurement of Gas Temperatures up to 1500° in Radiation 
Fields of Varying Anisotropy. H. Schmidt. (Archiv fiir das Hisen- 
hiittenwesen, 1928, Vol. 2, Nov., pp. 293-298). In order to carry out 
a complete study of the temperature of the gases in all parts of an 
open-hearth furnace, and at all points in their flow through the furnace 
and regenerators, it is necessary to be able to register gas tempera- 
tures of over 1500° C. Accordingly, a gas pyrometer of improved 
construction has been devised. The thermo-element is a platinum/ 
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platinum-rhodium couple enclosed for better protection in a water- 
cooled platinum-rhodium tube. An illustration of the arrangement 
is shown, and a description of the modus operandi is given. One 
difficulty is the recording of rapid variations in the gas temperatures, 
and this difficulty is more successfully overcome with the water-cooled 
thermo-element than with the ordinary pyrometer, as shown by 
comparative records taken with the new type and the old type 
of apparatus. 


Ladle Changes in Constituents of Steel and Slag. (Iron Age, 1929, 
Vol. 123, Apr. 11, p. 1020). Slag action in a ladle of steel from the 
open-hearth furnace was a subject of a discussion by C. H. Herty, jun., 
at a recent meeting of the American Institute of Mining and Metal- 
lurgical Engineers. Two diagrams are published which were referred 
to in the discussion ; one of these shows the changes in the concen- 
tration of metalloids in the steel beginning 3 min, after the start of 
tapping the heat from the furnace, and running up to the 28th ingot 
teemed from the heat 46 min. later. This diagram shows the sharp 
reduction in the proportion of manganese as the last few ingots were 
reached. In the other diagram is found a similar history of the con- 
centration of slag constituents. Most pronounced among the changes 
is the rapid increase in silicon from the time the heat was tapped until 
about 15 ingots had been poured. After this the silica content was 
about stationary. At the same time there was a considerable drop 
in iron oxide during the first portion of the period, and then, after a 
time of stability, a further drop following the 16th ingot. 


Influence of Different Kinds of Scrap on the Working Conditions 
and Economy of the Open-Hearth Process. HE. Kerl. (Stahl und Eisen, 
1929, Vol. 49, Jan. 3, pp. 1-7). In Germany more than one-half of 
the total output of steel is made from scrap, and trials have been carried 
out with a view to discovering the effect of the different classes of scra 
on the conditions of working and economy of the open-hearth. The 
trials were made at the Héntrop works of the Vereinigte Stahlwerke 
A.G., two tilting furnaces of 120-ton capacity being used for the pur- 
pose. The furnaces were fired with a mixture of coke-oven and blast- 
furnace gas, mixed in the proportion of | to 1-85, the minimum heat 
value of the mixture being 2060 kg. cal. per cu. m. In furnace No. 1, 
5 heats were made with good cold ingot crop ends, 8 were made with 
bundled clean sheet-iron scrap, and 5 with light detinned scrap in 
bundles. In furnace No. 2, 3 heats were made with crop ends of 
ingots, 3 were made with detinned bundled scrap, 2 with clean steel 
turnings, 2 with rusty steel turnings, and 8 with imported steel scrap. 
The pig iron was a high-manganese pig (Stahleisen) with 3-77 per 
cent. of manganese, and was for the most part charged liquid. The 
scrap was all mild steel containing carbon 0-08 and manganese 0-4 per 
cent., except the turnings, which had carbon 0-25 and manganese 
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0-68 per cent. The end product was a desiliconised steel for sheets 
with a tensile strength of 26 to 31 tons per sq. in. The table 
below shows the main results, the fuel consumption being calculated 
as the equivalent of an ordinary coal with a calorific value of 
7000 kg. cal. 

The temperature of the liquid pig charged was from 1220° to 1230°C. ; 
the temperature of the steel on tapping was 1520° to 1580°, the first 
ladle being generally cooler than the second. The teeming tempera- 
ture measured on the stream of molten metal was 1480° max. and 
1420° min. A number of other data concerning pressure and com- 
position of waste gases are given. The results of the trials show the 
limitations when using only one of several kinds of scrap, but in 
practice this never occurs, as the scrap kinds are invariably mixed, 
but they indicate the disadvantages of working with heavy cold scrap 
alone. 


. TAN | 
Ingot | Light |Detinned| Clean | Busty | Imported 
Material Charged. d S ‘ UB UY Ree 
ae Sip. namie] Sas sl, amine" Bp 
78-34% | 68-68% | 55-26% | 74-40% | 77-04% | 70-68% 
Average total weight of metal 
charged, tons : : | 195-25| 133-5 | 188-7 | 183-5 | 136-7 | 125-5 
Proportion of charge in kg. per ton 
of good ingots obtained : 
(a) Scrap . ; ee kee 8331700 ak 629-2 | 829-4 | 866-0 | 754-8 
(b) Liquid pig . ~- 3 | 217-6 | 326-0 | 467-6 | 234-7 | 217-0 291-0 
(c) Solid pig 3 5m ky 6:8 15-6 | 22-0 15-0 | 21-9 6-8 
(d) Swedish ore (68% Fe) ,, God 9. Sheet 7 29 4ute S68 me One 
(e) Ferro-Mn(73-5% Mn) ,, 3:4 4:4 5:8 5:6 3°8 4-8 
(f) Aluminium . S 69 Bae tas ted 0:05 
Total . ; . kg. |1067-9 {1098-9 1137-3 |1114-1 |1122-5 [1063-85 
Yield of ingots in % of metal 
charged : 5 ; : 93-58! 90-94] 87-87| 89-79} 88-97) 93-0 
Loss % of metal charged . : ADAl, (6°38) 9°64) “7-37 9-26)" 74-54 
Fuel consumption, expressed as 
coal, per ton of steel . kg. | 149-5 | 143-6 | 151-4 164-5 | 187-0 | 146-2 
Lime 3 - Ae es 14-75| 16-30) 31:50) 33-70; 39-65| 15-0 
Dolomite _,, 35 a. tf 16:65| 16-65} 16-65} 16-65) 16-65 16-65 


Scrap Consumption is Growing. C. E. Wright. (Iron Age, 1929, 
Vol. 123, Feb. 7, pp. 411-412). A review of the scrap situation in 
the American iron industry. During the last five years the total 
amount of steel ingots produced was 40,000,000 tons in excess of the 
pig iron output. Steel production is increasing at an annual rate of 


1,000,000 tons, whereas the annual increase in pig iron output has been - 


averaging 423,000 tons. 


How Use of Scrap is Increasing. C. H. Strand. (Iron Age, 1929, 
Vol. 123, Feb. 14, pp. 471-474). Tabulated information 1s given 
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showing the scrap production and consumption in the different districts 
of the United States. It is estimated that in 1928 34,000,000 tons of 
scrap were consumed, half of which was used in plants where it was 
produced, the other half being obtained on the market. 


Cards for Recording Open-Hearth Furnace Operations, Repairs, 
and Working Costs. EF. Lith. (Stahl und Hisen, 1929, Vol. 49, 
Feb. 14, pp. 209-212). A scheme for keeping all steel furnace records 
on cards is outlined. A set of four cards designed for different kinds 
of records is illustrated: (1) for recording the metallurgical operations 
of each heat; (2) for recording the weekly production of ingots, con- 
sumption of fuel, and costs; (3) for monthly records of repairs and 
their costs ; and (4) for noting all data regarding design and dimensions 
of the furnace and accessories, and any alterations made during the 
lifetime of the furnace. 


The Utility of the Graphic Representation of Costs of Production. 
C. E. Schulz. (Archiv fiir das Hisenhiittenwesen, 1928, Vol. 2, Nov., 
pp. 341-353). The article presents a graphic comparison of the costs 
of production per ton with and without taking account of the degree 
of employment, a comparison of monthly costs, a consideration of 
the factors which influence the amount of the costs, and the depend- 
ence of the costs on the degree of employment. Finally, the prac- 
tical application of graphic methods is discussed, examples being 
given. 


The Electric Melting Furnace in the Iron and Metal Industry. KE. 
Hauser. (Zeitschrift des Oesterreichischen Ingenieur- und Architekten- 
Vereines, 1928, Vol. 80, Sept. 28, pp. 875-378 ; Oct. 12, pp. 392-395). 


The Present Status of the Electric Furnace. W. Schreck. (Giessere1 
Zeitung, 1929, Vol. 26, Jan. 15, pp. 29-36). A general discussion of 
the electric furnace, its lining, the refining of iron, the melting-down 
of turnings, and the calculation of costs. 


Progress of Electric Furnaces. W.S. Gifford. (Paper read before 
the Sheffield Branch of the Institute of Metals : Foundry Trade Journal, 
1929, Vol. 40, Apr. 25, pp. 311-312). 


Electric Melting of Alloy Steels. H.M. German. (Iron and Steel 
Engineer, 1928, Vol. 5, Dec., pp. 507-510; Blast-Furnace and Steel 
Plant, 1929, Vol. 17, Feb., 274-276). A general discussion of the 
problems involved in the manufacture of alloy steels in the electric 
furnace, 


Manganese Steel Production in the Electrical Furnace. J. Trantin, 
jun. (Foundry, 1929, Vol. 57, Jan. 1, pp. 15-19; Jan. 15, pp. 52-55 ; 
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Feb. 1, pp. 128-131). The author describes the principles underlying 
the melting of manganese steel in the electric furnace. The heat 
treatment of manganese steel is dealt with, and the results of a number 
of investigations are presented to show the effect of treatment at 
different temperatures. The author also deals with the effect of 
secondary heating, such as occurs in shrinking shells on rolls, of weld- 
ing, and of forging on the microstructure and physical properties. 


Economic Considerations in the Choice and Working of Electric 
Resistance Furnaces. V.Paschkis. (Archiv fiir das Hisenhittenwesen, 
1929, Vol. 2, Feb., pp. 487-494). The costs of treating materials in 
various types of electric resistance furnaces are analysed and compared, 
and the practice to be adopted for securing the best efficiency is 
indicated. 


Dimensions, Operating Conditions, and Efficiencies of German 
Electric Steel Furnaces. S. Kriz. (Stahl und Hisen, 1929, Vol. 49, 
Mar. 28, pp. 417-425). Data are given concerning the construction, 
working, and output of 56 arc furnaces and 13 induction furnaces. 
The particulars were obtained by means of a questionnaire addressed 
to users of electric steel furnaces in Germany, and the returns afford 
evidence, if any were still required, that the advantages of the are 
furnace, as compared with the induction furnace, are now definitely 
established. The number and types of are furnaces described are 
42 Héroult, 7 Nathusius, 6 Stassano, and 1 Girod, and the data relate 
to electric conditions, weight of charge, design of 1urnace and materials 
of construction, and power consumption. Similar data are recorded 
for 12 Réchling-Rodenhauser induction furnaces and for 1 of the 
Frick type. 


The Electric Furnace in the Different Plants of the Société des 
Aciéries Firminy. R. Sevin. (Journal du Four Electrique, 1928, 
Vol. 37, Nov., pp. 3385-337). 


Electric Induction Furnaces of the Russ Type, (Journal du Four 
Plectrique, 1928, Vol. 37, Dec., pp. 369-374). A comparison is made 
of large and small induction furnaces, and their advantages and 
operation are discussed. 


The ‘* Metrovick ’’ Coreless Induction Furnace. (Iron and Coal 
Trades Review, 1929, Vol. 118, Mar. 8, pp. 362-363). Tllustrated 
particulars are given of the constructional details of the ‘“¢ Metrovick ” 
furnace. It consists of a water-cooled inductor coil mounted on a 
wooden box, supported on trunnions of non-magnetic cast iron, and 
tilted by an electric motor on an axis about the lip of the crucible. 
Hand-operated tilting gear is also provided. The crucible is directly 


lagged into the inductor with ganister or zircon sand supported on a 
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concrete block, the whole being surrounded by a wood casing. The 
inductor coil is made of heavy section copper bar wound on edge, 
and fitted with water-cooling pipes, which are isolated from the molten 
metal by a thick wall of copper in addition to the lagging of sand. 
The completed coil is suitably insulated, and finally heated under 
pressure, thus forming in effect a thick copper cylinder, which surrounds 
the crucible and can readily be clamped in position. The supply 
leads are taken to a switch at the bottom of the box, the switch being 
connected to the ends of the coil and also to a tapping, thus making it 
possible to employ the whole or part of the coil, and so regulate the 
power supply of the furnace. A furnace of 350-lb. capacity is at work 
in the experimental foundry of the Metropolitan-Vickers Research 
Department, and another of 5-cwt. capacity is in operation at the 
Sheffield works of Vickers-Armstrongs, Ltd. 


Progress in the Construction of High-Frequency Furnaces. M. 
Tama, (Stahl und Eisen, 1929, Vol. 49, Apr. 11, pp. 499-502). An 
illustrated description is given of a new high-frequency furnace. The 
furnace is of the coreless induction type with an iron yoke. The 
principles of high-frequency heating are discussed. 


High-Frequency Induction Furnaces. (Metallurgist, 1928, Vol. 4, 
Nov. 30, pp. 170-171). An abstract of an article by M. H. Kraemer 
(Stahl und Hisen, 1928, Vol. 48, Aug. 16, pp. 1120-1124: see Journ. I. 
and §.I., 1928, No. II. p. 333). 


Melting Steel in the High-Frequency Furnace. H. Neuhauss. 
(Foundry, 1929, Vol. 57, Feb. 15, pp. 146-150; Mar. 1, pp. 192-194, 
218). The author discusses the high-frequency electric furnace as a 
melting unit for the production of steel, and describes the operations 
involved in melting and refining certain types of steel, including stain- 
less steel. Figures are also given showing the power. consumption for 
producing stainless steel, and some data on the possibilities of this 
type of furnace in connection with a cupola melting an all-steel scrap 
charge as a duplexing unit for steel foundries. 


Selection of Electrical Equipment for Are Furnaces Used in the 
Melting and Refining of Metals. 8. Arnold. (Iron and Steel Engineer, 
1929, Vol. 6, Feb., pp. 75-78). 


Sponge Iron: A Raw Material for Electric Steel. N.K.G. Tholand. 
(Paper read before the American Electrochemical Society, May 1929). 
The value of sponge iron as a substitute for scrap in electric steel- 
making practice is pointed out. The properties of Héganis sponge 
iron are outlined, and typical furnace charges using the Héganis 
product, and analyses of the steels are tabulated. The properties of 
steels made with German sponge iron are also given. 
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SLAGS. 


Microscopic Constitution and Structure of Various Treated Basic 
Slags, and their Relation to the Citric Acid Solubility. H. Schneider- 
hohn. (Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Hisen- 
forschung, 1928, Vol. 10, pp. 213-223). Ordinary Thomas slags, with 
and without silicic acid additions, were examined after cooling under 
various conditions. The constituents were shown to be in equilibrium. 
The various constituents were distinguished by the analysis of the 
citric-acid-soluble portion of the slags. The difference of solubility 
of the slags with and without silicic acid additions was attributed to 
the presence of lime compounds in the samples without additions 
which suppressed the solubility of the silico-carnotite ; the dissimilar 
ions going into solution from the samples with additions increased the 
solubility of the silico-carnotite. It is stated that earlier methods of 
estimating the so-called free lime in basic slags are valueless. Decom- 
position effects were studied, and the phenomena were attributed to 
hydration and “ carbonisation ” of the crystallised lime. 


STEEL PLANTS. 


The Algoma Steelworks and Railways, Ontario. (Engineer, 1928, 
Vol. 146, Nov. 2, pp. 488, 494). The plans of the Lake Superior 
Corporation for the future expansion of its plants in the Algoma district 
of Ontario, Canada, are outlined, and brief details of the Algoma Steel 
Company, its principal subsidiary, are given. 


The Jamshedpur Iron and Steel Works. (Engineer, 1928, Vol. 146, 
Nov. 23, pp. 572-574, 576). An illustrated description of the plant 
and operation of the Jamshedpur works of the Tata Iron and Steel 


Co., Ltd. 


Timken Steel and Tube Company Plant. ©. Longenecker. (Blast- 
Furnace and Steel Plant, 1929, Vol. 17, May, pp. 698-715). A com- 
plete illustrated account is given of the layout and equipment of the 
steel plant of the Timken Steel and Tube Co., Canton, Ohio. The 
melting equipment consists of three 100-ton open-hearth furnaces, 
one 7-ton, two 25-ton, and one 50-ton Héroult electric furnaces. 
While the rated capacity of the open-hearth furnaces is 100 tons the 
average charge is 220,000 lb., made up of approximately 55 per cent. 
of selected scrap, 10 per cent. of limestone, and the balance pig iron. 
The rolling-mill equipment consists of a 35-in. blooming mill, a 28-in. 
mill, a 22-in. mill, a rod mill, a 36-in. seamless tube mill, and 10-1n. 
and 12-in. merchant mills. 
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Plant of the Gulf States Steel Company. ©. Longenecker. (Blast- 
Furnace and Steel Plant, 1929, Vol. 17, Jan., pp. 147-161). A detailed 
description of the company’s works at Alabama City, together with 
notes on the raw materials used and the operation of the plant, is 
given. 


STEELWORKS MACHINERY. 


Lifting Magnets: Early History. F. W. Jessop. (Iron and Steel 
Engineer, 1929, Vol. 6, Jan., pp. 11-14). The development of lifting 
magnets for handling materials in a steelworks is outlined. 


Electric Lifting Magnets. J.A.Smeeton. (Iron and Steel Industry, 
1929, Vol. 2, Mar., pp. 171-172). Recent developments in the design 
and use of electric lifting magnets are discussed. 


The Determination of the Moment of Rotation (Tilting) of a Ladle. 
H. Kénig. (Die Giesserei, 1929, Vol. 16, Mar. 22, pp. 261-265). The 
method of determining the moment of rotation of a ladle about its 
trunnions is described. 


Locomotive for Steel Mill Service. (Blast-Furnace and Steel Plant, 
1929, Vol. 17, May, pp. 723-724). A 35-ton “ gasoline-electric ”’ 
locomotive for use in steelworks is described. 


CASTING AND TREATMENT OF INGOTS. 


Third Report on the Heterogeneity of Steel Ingots. (Presented to 
the Iron and Steel Institute, May 1929: this Journal, p. 305). 


A New Method for the Production of Sound Steel. Sir Charles 
Parsons and H. M. Duncan. (Paper read before the Iron and Steel 
Institute, May 1929: this Journal, p. 255). 


Heat Equilibrium between Ingot and Ingot-Mould Wall.  B. 
Matuschka. (Archiv fiir das Eisenhiittenwesen, 1929, Vol. 2, Jan., 
pp. 405-411). In the process of the solidification of steel ingots the 
conditions of first importance are those which influence the mode of 
freezing and the formation of the primary crystalline structure. These 
conditions mainly consist in the shape and dimensions of the mould 
and head, the initial temperature of the steel, the ratio of the heat 
content of the ingot to that of the mould, the chemical composition 
of the steel and its fluidity, the speed and method of pouring. The 
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* transmission of heat from the ingot to the atmosphere through the 
mould wall proceeds in two stages: the establishment of a heat equi- 
librium between the ingot and the mould walls, and the dissipation of 
the heat of the mould walls into the air. The author describes experi- 
ments to determine the rate at which heat passes from the ingot to 
the mould and from the mould to the air. The mould used was circular 
in section, being 10 in. in diam. at the upper end of the chill and 8} in. 
at the bottom, the length of the chill being about 40 in. with walls 
33 in. thick. The weights were, for the mould 610 kg., the head 85 kg., 
and the ingot 340 kg. The successive casts consisted of a tool steel 
with carbon 0-65 per cent., two chrome-nickel steels, a high-speed 
steel, and a rustless steel with 0-2 per cent. carbon and 12 per cent. 
chromium, At a distance of 10 in. from the upper edge of the mould 
two holes were bored, perpendicular to the axis. One was bored 
right through the mould wall and then plugged on the inside with a 
cast-iron plug 5 mm. long; the second was bored to a depth of 5 mm. 
in the wall, and the two holes were 3 in. apart circumferentially. A 
platinum /platinum-rhodium element was inserted in each hole. The 
0-65 per cent. carbon steel was cast at a temperature of 1550°C. At the 
point 5 mm. from the inner face of the mould the temperature ran up 
instantaneously to 580° C., but 60 sec. elapsed before the temperature 
began to rise at the point 80 mm. from the inner face. In 20 min. the 
inner part of the wall had risen to a maximum of 650°. A second 
ingot of the same steel was upset after 60 sec., and it was found that the 
chilled shell of the ingot had attained a thickness of 1 to 14 in. by that 
time. The flow of heat into the mould walls is very soon checked 
by the parting of the ingot from the mould as it shrinks in cooling. 
To determine the time from the moment of filling the mould till parting 
occurred, two cast-iron plugs were inserted at opposite sides of the 
mould and insulated from it, the inner ends being made flush with the 
inner face of the mould ; leads were taken from these plugs to a battery 
and a bell was placed in the circuit. The plugs were fixed 10 in. below 
the top edge of the mould. As soon as the liquid steel reached the 
plug the circuit was made and the bell sounded until the parting of the 
chilled surface of the ingot from the mould wall occurred, thus breaking 
the circuit again. It was found that the time varied from 1 min. 25 sec. 
for the 0-65 carbon steel, to 1 min. 40 sec. for chrome-nickel steel, 
4 min. 30 sec. for an 0-80 carbon tool steel, 2 min. 58 sec. for a high- 
speed steel, and 2 min. 50 sec. for a 12 per cent. chromium steel. Those 
steels which remain longer in contact with the mould solidify con- 
siderably quicker than the others, and show in the outer zone a dull 
fracture with fine or medium-fine crystalline structure. Those which 
part quickly from the mould might be expected to show a coarse 
crystalline structure in the outer zone, but on the contrary they show 
a very fine structure, and this discrepancy the authors are unable to 
explain. The flow of heat and time-temperature distribution of the 
heat through the mould walls are very clearly set out in diagrams. 
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Contraction and Piping during the Solidification of Metallic Melts. ” 
H. Obermiiller. (Giesserei Zeitung, 1929, Vol. 26, Jan. 15, pp. 41-44), 
The process of solidification of pure metals, eutectics, and solid solutions 
are described. The connection between contraction and piping and 
the freezing process is explained. 


Some Notes on the Coalescence of Non-Metallic Inclusions in Steel. 
C. H. Herty, jun. (Proceedings of the Engineers’ Society of Western 
Pennsylvania, 1928, Vol. 44, Nov., pp. 259-267). 


Why Ingot Moulds have Short Life. J. H. Hruska. (Iron Age, 
1929, Vol. 123, Feb. 21, pp. 539-541). The author has studied the 
chemical and physical changes occurring in ingot mould walls during 
the life of the mould. Large graphite flakes offer a decreased resistance 
toward intercellular cracks, thermal fatigue, and oxidation of the mould 
metal, thus decreasing the number of heats per mould. The beneficial 
influence of an increase in the surface hardness of moulds is pointed out. 


| 
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REHEATING FURNACES. 


Reheating Furnaces for Alloy Blooms. (Iron Age, 1928, Vol. 122, 
Dec. 27, pp. 1632-1634). Continuous Furnaces for Alloy Blooms. 
A. K. West. (Blast-Furnace and Steel Plant, 1929, Vol. 17, Jan., 
pp. 124-126). The two continuous reheating furnaces provided for 
the new mill of the Timken Steel and Tube Co., Canton, Ohio, are 
described and illustrated. The furnaces are of the triple-fired re- 
cuperative type, using natural gas and having a capacity of 40 tons 
per hr. each. The blooms are pushed through the furnaces by means 
of a motor-driven mechanism. Upon entering the furnaces the blooms 
are gradually warmed in a 10-ft. dead end, next passing through the 
channel and main heating chamber, and lastly receiving their final 
soaking at a temperature of approximately 2200° F’. on a brick hearth, 
whence they are discharged by gravity on to a run-out table. There 
are three tiers of burners, one located at the discharge end for main- 
taining the soaking chamber at the desired temperature, and the other 
two behind the soaking hearth, one firing above the blooms near the 
roof of the main heating chamber and one below the level of the hearth 
firing beneath the blooms. The preheated air is delivered to both 
the main heating chamber tiers of burners under positive pressure by 
the refractory tile recuperator, which is situated beneath the furnace 
proper and is arranged in three units. The central recuperator unit 
furnishes its preheated air to the under-fired burners ; the two outside 
recuperators deliver preheated air to the overhead firing ports by means . 
of two steel ducts which are insulated and brick-lined. 


Development of the Continuous Pack-Heating Furnace., J. A. 
Hunter. (Proceedings of the Engineers’ Society of Western Penn- 
sylvania, 1929, Vol. 45, Feb., pp. 1-9). The author describes a con- 
tinuous gas-fired furnace for heating sheet packs of fours and eights. 
The original furnace was 30 ft. long and 42 in. wide inside the brickwork. 
The hearth consisted of revolving discs made of steel containing 18 per 
cent. of chromium; eight gas burners were fitted, four at each end of the 
furnace, two being above and two below the discs. The burners were 
not satisfactory owing to the deposition of soot and tar on the packs, 
and a burner of the Venturi type was substituted. Due to the high 
velocity of the gases leaving the burner there was a tendency for the 
gases to carry to the end of the combustion chamber. To overcome 
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this and to obtain proper distribution of the gases in the heating 
chamber, the opening between the combustion chamber and the 
heating chamber was made larger at the burner end and progressively 
smaller to the other end. With this arrangement proper furnace 
conditions were obtained, but the furnace did not have sufficient 
capacity to heat both the fours and eights satisfactorily at the required 
tate. When the furnace was forced to heat the cold fours, the eights 
were too hot, and to prevent the eights being overheated the length 
of the furnace was increased to 38 ft. Subsequently a preheater was 
fitted to the furnace. The cold air entered near the top of the pre- 
heater, and after making three passes was delivered to the burners at 
a temperature of 500° to 550° F. The fuel used was raw producer-gas, 
and the high sulphur content is believed to have caused failure of some 
of the alloy steel discs and shafts. These had to be replaced after about 
7 months’ operation with discs and shafts of chrome-nickel steel. 


Electric or Fuel-Fired Furnaces for Tube Works? 4H. Sack. 
(Roéhrenindustrie, 1929, Vol. 22, Jan. 31, pp. 35-36). The author 
discusses the relative merits of electricity and fuel-firing for the heating 
of furnaces for the drawing of tubes. 


Forge Heating for Large Pieces. J. R. Miller. (Heat Treating 
and Forging, 1929, Vol. 15, Feb., pp. 219-220). 


FORGING, STAMPING, AND DRAWING. 


Principles of Machine Forging. H. Kilborn. (Iron Age, 1929, 
Vol. 123, Apr. 11, pp. 1003-1005 ; Apr. 25, pp. 1151-1152). A series 
of articles dealing with machine forging. The first article considers 
the apparatus used and includes a brief history of drop-forging. The 
second article deals with the design of dies. 


Horizontal Forging Machines. H. Fey. (Stahl und Eisen, 1929, 
Vol. 49, Mar. 7, pp. 315-324). Illustrated descriptions are given of 
various types of horizontal forging machines, showing details of their 
mechanism. A number of pieces of a great variety of shapes forged 
by such machines are also illustrated. 


Forging Machine for Repetition Work. (Engineer, 1928, Vol. 146, 
Nov. 16, p. 556). The application of the electrically operated forging 
machine built by Messrs. B. and 8. Massey, Ltd., for the manufacture 
of motor-car axle ‘“‘ uses” is described. <A test of 19 min. duration, 
in which 7 complete axle “uses” were made, demonstrated that the 
current consumption was at the rate of half a unit per axle. 


Seemed 
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Drop-Forgings and Machine Forgings. F. W. Spencer. (Metal 
Industry, 1928, Vol. 33, Nov. 30, pp. 517-518). 


Year’s Progress in Drop-Forge Equipment. M. 8S. Reed. (Heat 
Treating and Forging, 1929, Vol. 15, Jan., pp. 42-43), The advances 
made in the design of hammers and presses are outlined. 


Producing an Unusual Drop-Forging. W. Hopson. (Heat Treating 
and Forging, 1929, Vol. 15, Jan., pp. 60-61). The special feature of 
the drop-forging described was that it was required to have sharp 
curved teeth of even height so that they could make uniform contact 
with a 6-in. pipe. 


Preparation of Steel for Drop-Forgings. J. R. Miller. (Heat 
Treating and Forging, 1929, Vol. 15, Mar., pp. 311-312). The author 
enumerates some of the points to which drop-forgers give special 
attention when accepting billets (central soundness, good surface, 
close analysis, &c.), and reviews the methods adopted by the steel- 
maker to meet these requirements. 


The Manufacture of Die Blocks. J. A. Succop. (Heat Treating 
and Forging, 1929, Vol. 15, Jan., pp. 51-54). Open-hearth furnace, 
forging, and heat-treating practice for the production of die blocks is 
outlined. 


Calculation of the Specific and Absolute Steam Consumption of 
Hammers in the Forging Down of Alloy Steels. O. Niederhoff. (Archiv 
fiir das Eisenhiittenwesen, 1929, Vol. 2, Mar., pp. 545-556). <A large 
amount of work was carried out to determine the specific resistance to 
deformation at different temperatures of carbon steels, chromium steels, 
tungsten steels, and nickel, manganese, manganese-silicon, chromium- 
tungsten, nickel-chromium, and high-speed steels. At 1100° to 1200° C.. 
there is little difference in the resistances, but, as may be expected, the 
values of resistance to deformation, expressed in kg.-mm. per cu. mm., 
vary considerably as the temperature falls, according to the percen- 
tage of carbon or other alloying element. The steam consumption 
in a 10-cwt. hammer appears to range from 40 grm. of steam per blow 
to produce a displacement of 10 cu. cm. of material, up to 220 grm. to 
produce a displacement of 20 cu. cm. 


Safe Stress Limits for Forged Steel. J. W. Urquhart. (Heat 
Treating and Forging, 1928, Vol. 14, Nov., pp. 1282-1284). A number 
of failures of machine parts in practice are mentioned ; the question 
of the safety factor is shown to involve a thorough knowledge of both 
the manufacturing methods to be employed and the service conditions 
to be encountered. 
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Metallurgical Problems of Large Turbo-Generator Design. J. A. 
Kuyser. (Paper read before the Institution of Electrical Engineers, 
Mar. 21, 1929: Iron and Coal Trades Review, 1929, Vol. 118, Mar. 29, 
pp. 463-464). Important advances have been made in the production 
of high-class rotor forgings. The material generally used before the 
introduction of large 3000 r.p.m. sets was a carbon steel having a 
low nickel content, the physical properties of which were as follows : 
Ultimate tensile strength, 36 tons per sq. in.; yield point, 20-5 tons 
per sq. in.; elongation on 2 in., 20 to 24 per cent. ; reduction of area, 
30 per cent. For more severe duties a steel has been developed which 
meets the following specification: Ultimate tensile strength, 42 tons 
per sq.in.; yield point, 24 tons per sq. in.; elongation on 2 in., 16 to 
20 per cent. ; reduction of area, 28 per cent. This steel contains about 
2 per cent. of nickel and a very small percentage of chromium. Builders 
of generators on the Continent have for some time been using oil- 
hardened chromium-nickel steel forgings having a nickel content of 
3 to 4 per cent. and a chromium content of 0-7 to 1-0 per cent. These 
forgings are heated and quenched to obtain a yield point of 32 to 34 tons 
per sq. in., and an ultimate strength of 45 to 48 tons per sq.in. The 
author’s experience has shown the effect of oil-hardening in setting up 
dangerous strains in these forgings, rendering it advisable to adhere to 
the old practice of using annealed forgings only. 


Normalised Vanadium Steel Crankshafts. W. J. Learmouth and 
J. H. Abbott. (Heat Treating and Forging, 1929, Vol. 15, Jan., 
pp. 99-100). The Studebaker Corporation’s forge heating and final 
treatment for crankshafts are described. The use of vanadium steel 
simplifies the forging operations and avoids the need for quenching. 
The analysis of the steel is : Carbon, 0-44 to 0-49; manganese, 0-65 to 
0-85; sulphur, max. 0-05; phosphorus, max. 0-04; vanadium, 0:12 to 
0:20 per cent. The carbon is kept within the range specified in order 
that excessive rejections for hardness may not occur; after being 
normalised at 1650° F. and cooled in air the minimum physical pro- 
perties of the metal are: Yield point, 65,000 lb. per sq. in. ; ultimate 
strength, 100,000 lb. per sq. in.; elongation on 2 in., 18 per cent.; reduc- 
tion of area, 45 per cent, ; and Brinell hardness number 196. 


Forging Drill Stems from S.A.E. 1085 Steel in Hydraulic Press. 
G. KE. Merkley. (Paper read before the Western Metal Congress, 
Jan. 1929: Iron Trade Review, 1929, Vol, 84, Feb. 21, pp. 524-525). 
An outline is given of the manufacture of rotary drill stems for oil 
wells. The stems are formed from billets in hydraulic presses. The 
machining of the stems is unique in that the principal operation requires 
a watercourse hole to be drilled through the centre for the entire 
length of the stem, which is 51 ft. in the longer sizes. This operation 
is performed in lathes equipped with a special headstock, tool ee 
feed-screw, and holding fixture. 
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Bolt-Making by the Hot-Forging and Cold-Pressing Methods. I. J. 
Wiley. (Drop-Forger, 1929, Vol. 9, May, pp. 46-72). 


Modernised Plant for Making Hot Pressed Nuts. G. A. Richardson. 
(Iron Trade Review, 1928, Vol. 83, Nov. 1, pp. 1119-1122). New 
Equipment Speeds Output of Track Bolts, Nuts, and Spikes. G. A. 
Richardson. (Iron Trade Review, 1928, Vol. 83, Nov. 8, pp. 1175- 
1178). The continuation of a series of articles describing mass pro- 
duction methods employed in the manufacture of bolts and nuts at 
the plant of the Bethlehem Steel Co. (See Journ. I. and 8.1, 1928, 
No. II. p. 375.) 


The Forging of Drums for very High-Pressure Boilers. (. Dantin. 
(Génie Civil, 1929, Vol. 94, Jan. 26, pp. 77-81). The author describes 
and illustrates the methods of manufacture employed at Messrs. 
Vickers-Armstrongs, Ltd. (Sheffield), and at the Midvale Co. (Phila- 
delphia). 


Weldless Steel Drums for High-Pressure Boilers. (Engineering, 1928, 
Vol. 126, Nov. 30, p. 676, and 4 plates). The manufacture of hollow 
forged seamless drums for boilers intended to work at steam pressures 
of 800 Ib. per sq. in. is described and illustrated. For the largest 
drum, measuring 44 ft. 5 in. in length and having an outer diameter of 
5 ft. 3in. with a wall thickness of 44 in., the ingot of acid open-hearth 
steel weighed 165 tons; it was cast from four open-hearth furnaces, 
and the composition of the metal in each was carefully adjusted so as 
to counteract the tendency of carbon to segregate to the top. During 
teeming the mould was rotated at a speed of 4 r.p.m., 80 that the metal 
in the mould should be stirred up by the steel flowing in. Analyses 
were taken at 5 points at the top and 5 at the bottom after cropping 
and trepanning a 24-in. hole down the centre ; they were very uniform 
and averaged carbon 0-234, manganese 0-556, phosphorus 0-030, 
sulphur 0-024, silicon 0-238 per cent. The mechanical strength 
properties required were a proof load of 11 tons per sq. in., tensile 
strength 26 to 31 tons per sq. in., yield point not less than 13 tons per 
sq. in., elongation 25 per cent. on 3-in. gauge length, and 45 per cent. 
reduction of area. Strips of 9 in. x 1 in. X $ in. must withstand 
cold-bending round a 3-in. mandrel until the ends met. 


Weldless Forged Vessels for High-Pressure Work. (Kruppsche 
Monatshefte, 1929, Vol. 10, Jan.—Feb., pp. 1-10). The manufacture 


of weldless forged vessels for use where very high pressures are required, 
suitable materials, dimensions, &c., are discussed. 


Preparing Steel Stock for Lock Washers. G. Keenan. (Heat 
Treating and Forging, 1928, Vol. 14, Nov., pp. 1278-1281). The 
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production of the cold-finished stock required for automatic methods 
of manufacture is described. 


Cold-Drawn Shapes for Turbine Blades. (Heat Treating and Forging, — 


1928, Vol. 14, Dec., pp. 1405-1406). The preparation of carbon and 
alloy steel shapes for the blades of steam rotors is described. Accuracy 
and smooth finish are attained by cold-drawing. 


Performance of Special Steel Sheets. (Heat Treating and Forging, 
1929, Vol. 15, Mar., pp. 328-329). The drawing of radiator shells is 
briefly outlined, and the economic and technical advantages gained 
by the use of special drawing sheets are discussed. The composition 
and other details of the sheets are not, however, given. 


Note on Stamping. M. Lebon. (Arts et Métiers, 1928, Vol. 8i, 
Nov., pp. 417-422). The manufacture of parts of various shapes, 
such as rings, spring shackles, motor-car axles, &c., by stamping is 
described, with illustrations. 


The Study, by Means of X-Rays, of the Phenomena Accompanying 
Stamping. J. J. Trillat. (Chimie et Industrie, 1928, Vol. 20, Oct., 
pp. 618-622). The author describes the apparatus used and the 
results obtained in the study of the effect of stamping on the internal 
structure of the sheet steel. The stamping causes the crystals of the 
metal to align themselves in such a way that the diagonal of the cube 
face becomes an axis of rotation and takes up a position parallel to 
the neutral fibre in the deformed part. The orientation is specially 
marked in those parts where the curvature is severe or where curvature 
in two directions exists. The orientation effect is accompanied by a 
considerable reduction in the grain-size. Stamping gives rise to 
internal stresses which are the more intense as the curvature is more 
severe; they are distributed symmetrically about the axis of 
orientation. 


The Stamping Test. Rudeloff. (Die Giesserei, 1929, Vol. 16, 
Mar. 8, pp. 218-219). The relative sizes of the stamp and die are 
discussed. 


ROLLING-MILL PRACTICE. 


Theory of Rolling in the Light of Recent Experimental Researches. 
I. Pavloff. (Journal of the Russian Metallurgical Society, 1929, No I., 
pp. 39-82). (In Russian.) 
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The Principles of Rolling. V. P. Kryshanovsky. (Journal of the 
Russian Metallurgical Society, 1928, No. 3, pp. 1-40). (In Russian.) 


Rolling-Mill Practice. F. L. Estep. (Iron and Steel Engineer, 
1929, Vol. 6, Mar., pp. 122-127). The author has recently visited 
Germany, Spain, and Russia, and records his observations on rolling- 
mill practice in those countries. 


Experiments on the Rolling and Forging Processes. G. Sachs. 
(Mitteilungen der deutschen Materialpriifungsanstalten, 1929, Sonder- 
heft V., pp. 130-137). See Journ. I. and 8.1., 1927, No. II. p. 563. 


Driven Rolling-Mills. A. Werth. (Archiv fiir das Hisenhiittenwesen, 
1928, Vol. 2, Nov., pp. 301-308). The ascertainment of the power 
required to roll any particular section is an important factor in esti- 
mating costs of production. The total kw.-hr. expended per ton of 
material rolled per hr. are of course much higher in the case of rolling 
heavy sections than when rolling light sections or thin sheets. In 
order to obtain comparative figures of the power expended per ton of 
material rolled independently of the hourly production it is necessary 
to measure the work expended over and above that necessary to drive 
the mill when running idle. This factor is termed the ‘‘ excess-work 
load.”” The value of it in kw.-hr. per ton is obtained by recording the 
work done when the mill is running idle for a certain time and when 
running for the same time on a particular section. The amount of 
the excess-load work is shown to be affected not only by the size and 
shape of the section, but also by the design and mode of working the 


| 
. 
Power Requirement Studies Carried out on Free Running Electrically 


mole “Thus. : 
Ang Eixcess- 
Finished Section. EES Hlongation, Tonnage. Dead de Wor Load. 
Mm. iia. Times. Per hr. per ton. nai 
Strips : 
150 X 11-5 25-0 35:8 22-2 
150 x 22-3 29-4 24-9 14:7 
Sheets : 
4-9 thick 12-9 44-0 34-7 | 
2-9 thick . 5:6 90-5 58-8 
Rods : 
13 diam . ‘ 80 sq. 48-5 81-0 38:0 
10 diam. . : 80 sq. 82:5 85-5 41-0 
Wire: 
12 diam. . 3 120 sq. 128-0 59-3 32-5 
10-5 diam. J 120 sq. 166-0 65-6 42°8 


The argument is that by attention to design and to lubrication and 
cleanliness, the power required to run the mill idle should be kept as 
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low as possible. Some interesting diagrams are plotted showing the 
excess-work load and corresponding elongation for a large number of 
sections. The author admits that all the calculations can be upset 
by variations of temperature of the rolled material. 


Power Requirements and Efficiency of Sheet and Armour Plate 
Rolling-Mills. FF. Hammerschmidt and H. Babin. (Archiv fiir das 
Hisenhiittenwesen, 1928, Vol. 2, Dec., pp. 367-370). The most com- 
prehensive series of trials made to ascertain the power requirements 
of rolling-mills was that by J. Puppe at Witkowitz in 1912. (See 
Iron and Steel Institute, Carnegie Scholarship Memoirs, 1910, Vol. 2, 
p. 271.) An analysis of the power given out by the motor during a 
single pass showed that it was expended in: (1) Losses in motor and 
mill running idle ; (2) excess of the losses under load—(qa) in the motor, 
(b) in the pinions, (c) in the roll bearings ; (3) the acceleration losses, 
due to increase in the energy of the moving masses during the pass ; 
(4) the work required for deformation ; (5) the losses due to slip 
between the rolls and the piece and due to shocks. Notwithstanding 
that several sources of error have since been noted, certain definite 
laws governing the power consumption are recognisable. Some results 
of further tests by Puppe on a plate mill at Witkowitz and on a Swedish 
and an English mill are recorded, and all these indicate the dependence 
of the degree of efficiency of the mill and motor on the temperature of 
the piece and the pressure on the rolls. In the armour plate mill the 
efficiency ranged from 25 to 80 per cent., and in the plate mill from 
15 to 87 per cent. An analysis of the power consumption is shown 
diagrammatically for the Witkowitz armour plate mill, and in tables 
for the English and Swedish mills. 


Some Matters of Importance in the Rolling of Steel Sections. S. 
Stansfield. (Paper read before the Cleveland Institution of Engineers, 
Jan. 14, 1929: Iron and Coal Trades Review, 1929, Vol. 118, Feb. 1, 
pp. 169-170). The aim of the paper is to find simple rules for guidance 
in equalising the power required in a succession of reductions of area 
of section in rolling. The experimental basis of the work is Dr. Puppe’s 
text-book, “‘ Experimental Investigations on the Power Required to 
Drive Rolling-Mills,” published in 1910. 


Roll Pressure and Rolling Work in the Cold-Rolling of Metals. 
H. Siebel and A. Pomp. (Mitteilungen aus dem Kaiser-Wilhelm- 
Institut fiir Eisenforschung, 1929, Vol. 11, pp. 73-85). Cold-rolling 
tests on bands of mild and hard steel and of copper showed that 
only 10 to 40 per cent. of the energy supplied by the mill motor was 
employed in changing the shape of the material. The deformation 
efficiency of the cold-rolling process—that is, the ratio of the work 
theoretically required for the deformation process only to that put into 
the rolling-mill—decreases with a decrease in the ratio of the thickness 
of the rolled material to the roll diameter, with increasing reduction 
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of draught, and with increasing friction between the rolls and the 
material, The simplest means of improving the efficiency is to lubri- 
cate the material or reduce the roll diameter; the employment of 
both means together is limited by the fact that with decreasing roll 
diameter and decreasing friction between the rolls and the material, 
the permissible reduction of draught with which the rolls can still 
grip the material and draw it through is also decreased. The power 
lost in the mill is accounted for principally by friction in the roll 
bearings ; its proportion to the total power consumed is so great that 
attention should be given to any proposal for reducing it. In the 
ordinary 2-high mill the form of the bearings is limited by the diameter 
of the rolls, but in 4- and 6-high mills the working and the backing-up 
rolls may be so proportioned that efficient working, low roll pressure, 
and suitable roll bearings are made possible. 


Spring in Rolling-Mills : its Importance from the Technical Point 
of View. On a New Housing Practically Free from Spring. J. Roux. 
(Revue de Métallurgie, Mémoires, 1928, Vol. 25, Dec., pp. 649-662). 
Fhe author commences by discussing the modern tendency towards 
the requirement of very close tolerances in rolled products, and points 
out that this can only be satisfied by the provision of rolls which are 
capable of very fine adjustment. He then reports the results of 
measurements made on products rolled in mills of the ordinary type 
to indicate what degree of variation of dimensions may be expected 
in general practice. The author next describes a new type of housing 
which is intended to enable the operator to adjust his rolls very 
accurately. ‘The top bearing of the upper roll is provided with two 
inclined planes set at a very obtuse angle ; pressing downwards on 
these are two wedge-shaped pieces. A horizontal right- and left-hand 
screw engages with the blocks in such a way that the turning of the 
control handle in one direction draws the two wedges together, and, 
as the wedges cannot rise, the roll bearing is pressed down; turning 
the control handle in the opposite direction separates the wedges, so 
allowing the roll bearing to rise. The author quotes results to show 
that with billets measuring 200 xX 15 mm., rolled in two lengths of 
50 m. (the bars were cut in two before the last but one pass), on 45 tons, 
70 per cent. of the bars had a tolerance of 0-1 mm., and all of them 
satisfied a tolerance of 0:25 mm., and this despite the fact that the 
rolling was carried out in one heat at irregular temperatures. In the 
succeeding sections of his article, the author discusses the spring in 
mill housings and the influence of spring on tolerances from the 
theoretical point of view, and also deals with the estimation of rolling 
stresses and their variation as a function of temperature. In the final 
section he touches upon the use of wooden bushings for precision rolling. 


Roll Pass Design. W. Trinks. (Rolling-Mill J ournal, 1929, Vol. 3, 
Jan., pp. 13-18; Feb., pp. 67-70 ; Mar., pp. 115-118; Apr., pp. 179- 
183). The first article consists of a general introduction to the subject 


726 THE IRON AND STEEL INDUSTRIES. 


of roll pass design, a definition of terms is included, and a brief 
description is given of various types of rolling-mills. Problems of 
design are also discussed. In the February issue the author describes 
the forces and bending moments acting upon the rolls, as well as the 
factors which determine the roll stress. In the March issue an example 
is given of how the forces acting on the rolls are calculated, based 
upon bending moments, are of contact, and compression resistance. 
The general factors which modify stresses in rolls and which must be 
considered in their design are described in the April issue. 


Utilisation of the Dead Pass in Three-High Rolling-Mills. H. Cramer. 
(Stahl und Eisen, 1929, Vol. 49, Apr. 18, pp. 531-535). Designs of 
roll drafting in a three-high rail finishing-mill are given, showing 
how every pass between the three rolls may be utilised. The design 
is based on the four-roll system, at the same time obviating the 
disadvantages of that system. 


The Stress on Hot Sheet Mills. L. Weiss. (Zeitschrift fiir Metall- 
kunde, 1928, Vol. 20, Nov., pp. 389-393). The causes of roll breakages 
and their avoidance are discussed. A method of calculating the draft 
which will correspond to a given stress in the roll is explained, and 
curves showing such values for iron, copper, and aluminium are 
given. Examples are worked out, and the results compared with 
drafts actually applied. From this it appears that the stresses in the 
rolls often exceed that value for which the construction of the mill is 
suited. 


The Influence of the Rolling Temperature on the Elongation, Spread, 
and Work of Rolling of Various Carbon Steels in a Wire-Rod Mill. 
K. Hopfer. (Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir 
Hisenforschung, 1928, Vol. 10, pp. 283-299). Experiments carried 
out on the roughing and finishing stands showed that carbon steels 
behaved differently according to whether the bars were taken direct 
from one train to the other or were reheated. When rolling after 
heating, the rolling temperature had comparatively little effect on 
the elongation and spread; with decreasing rolling temperature the 
elongation decreased, the spread increased, and the’strength of the 
rod increased almost linearly. Carbon content and method of pro- 
duction affected the rolling in that basic Bessemer steel always gave 
a better elongation and smaller spread, while a 0-45 per cent. carbon 
open-hearth hard steel gave a smaller elongation and greater 
spread ; other open-hearth steels with 0-05, 0-22, and 0-72 per 
cent. of carbon gave intermediate values. When rolling without 
reheating, decrease of rolling temperature caused a marked decrease 
of elongation and increase of spread, down to 1000° C.; below 950° C., 
the elongation increased again and the spread decreased. Here, also, 
the strength of the rod rose linearly with the falling rolling tempera- 
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ture, and the carbon content and method of production had the same, 
but more marked, effect as when rolling after reheating. In explana- 
tion of the different behaviours of the materials are suggested the 
different frictional relations between the pass and the surface of the 
rod, and the decisive effect of the temperature distribution in the cross- 
section of the rod on the elongation and spread. The work done in 
rolling the various materials was measured ; the highest value was 
recorded with the 0-45 per cent. carbon open-hearth hard steel. 


The Efficiencies of the Drawing and Cold-Rolling Processes Com- 
pared. E. Siebel. (Stahl und Hisen, 1929, Vol. 49, Apr. 25, pp. 561— 
566). The author presents calculations for the purpose of comparing 
the efficiencies of the two principal processes by which the deformation 
of steel in the cold state is performed—namely, the wire-drawing process 
and cold-rolling as carried out in a rolling-mill. Ona draw-bench, and 
with a well-lubricated die, the greater the reduction in any draft the 
higher is the efficiency. In drawing a wire rod with carbon 0:03 per 
cent., with an initial tensile strength of 39 kg. per sq. mm., the efficiency 
rose from 35 per cent. with a 10 per cent. reduction of area to about 
72 with a 52 per cent. reduction. The optimum angle in the die was 
found to be 6°. With another wire rod with carbon 0-6 per cent., and 
initial tensile strength of 96 kg. per sq. mm., the efficiencies were, 
respectively, about 42 and 80 per cent. for reductions of 9 and 52-6 per 
cent. The same two classes of material were then cold-rolled in a 
rolling-mill of ordinary construction, and after deducting the power 
required to run the mill idle (about 2-0 kw.), the efficiency in rolling 
the 0-03 carbon steel was from 10 to 40 per cent., and for the 0-6 carbon 
steel only 10 to 30 per cent. The losses are chiefly the frictional losses 
in the bearings, and it is considered that if a special light rolling-mill 
with roller bearings were constructed and with good lubrication of 
the material the efficiency in cold-rolling would be greatly improved. 
In an ordinary mill the power consumption in cold-rolling increases 
in proportion to the square of the rolling speed, but by using rolls of 
small diameter with roller bearings and lubrication this proportion is 
very much reduced. 


Special Steel Rolls for Rolling-Mill. N. Guédras. (Aciers Spéciaux, 
1929, Vol. 4, Mar., pp. 124-125). The author discusses the compost- 
tion of rolling-mill rolls. He claims to have obtained good results 
with material of the following composition: carbon 0:5, silicon 0:2, 
manganese 0-3, nickel 1-0, and chromium 2:5 to 3 per cent. He also 
discusses matters affecting the manufacture of the rolls. 


Alloy Chilled Rolls for Difficult Machining Problem. P. J. Long- 
necker. (Iron Trade Review, 1929, Vol. 84, Feb. 28, p. 586). The 
turning of chilled rolls is briefly discussed, and average cutting speeds 
for different types of rolls are tabulated. It is stated that a special 
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steel known as “‘ Circle C” has been introduced for dealing with rolls 
containing chromium and molybdenum. The average hardness of 
these rolls is from 70 to 75 scleroscope. 


Chilled Plate Rolls and the Causes of their Breakage as Shown by 
Metallographic Study. N. V. Kolokoloff. (Journal of the Russian 
Metallurgical Society, 1928, No. 1, pp. 58-76). (In Russian.) 


The Use of Roller Bearings in Rolling-Mills. G. Palmgren. 
(Jernkontorets Annaler, 1928, Vol. 112, p. 116; Stahl und Hisen, 
1929, Vol. 49, Jan. 24, pp. 101-108). A number of special types of 
roller bearings for rolling-mills are illustrated and described, including 
a device for the prevention of pressure in the direction of the axis of 
the roll. The radial pressure is taken by double-roller bearings, one 
of which is supported on the knife-edges of two rockers which rest on 
a flat bearing surface so as to allow for play in the direction of the axis. 
The application of roller bearings to universal plate-mills and to mills | 
for cold-rolling strip and hoops is discussed. 


Development in Application of Anti-Friction Bearings to Roll Necks. 
K. C. Gainsborg. (Rolling-Mill Journal, 1929, Vol. 3, Jan., pp. 19-22). 
A general discussion of fundamental principles and limitations involved 
in the application of anti-friction bearings to roll necks. 


Anti-Friction Bearings for Roll Necks. EH. C. Gainsborg. (Blast- 
Furnace and Steel Plant, 1929, Vol. 17, Feb., pp. 270-271). 


Selection of Anti-Friction Bearings for Roll Necks. J. H. van 
Campen. (Rolling-Mill Journal, 1929, Vol, 3, Jan., pp. 31-34). Con- 
ditions governing successful application of roller bearings to roll necks 
are discussed, and types of anti-friction bearings and typical installa- 
tions are illustrated. 


Rolling-Mill Lubrication. L. P. Tyler. (Paper read before the 
American Society of Mechanical Engineers : Rolling-Mill Journal, 1929, 
Vol. 3, Feb., pp. 71-74; Blast-Furnace and Steel Plant, 1929, Vol. 17, 
Apr., pp. 565-568). A discussion of a number of factors involved in 
the lubrication of rolling-mill driving equipment. ‘ 


Friction Conditions, Power Consumption, and Lubrication Practice 
in Ironworks, F. Heyd. (Stahl und Hisen, 1928, Vol. 48, Nov. 22, 
pp. 1637-1642). A series of experiments extending over some years 
was made to determine the best kinds of bearing metal and of lubri- 
cating oils for use in rolling-mills, and working diagrams are given 
showing the effect of different ]ubricants on the power consumption of 
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a rolling-mill. Vegetable oils, particularly rape-seed oil, give the best 
results, or a mixture of rape-seed oil with ordinary machine oil is about 
equally good in reducing friction. Tin or tin alloys are the most 
suitable materials for withstanding the wear due to heavy loads on the 
bearings, which may vary in working from 750 to 9000 lb. per sq. in. 


Copper as Core Material in the Manufacture of Drill Steel. R. A. 
Bedford. (Engineering and Mining Journal, 1928, Vol. 126, Oct. 20, 
pp. 625-626). Three methods of producing hollow drill steel are briefly 
described. The billet may be drilled, the hole filled with sand, the billet 
rolled down and the sand removed, or the billet may be pierced and 
rolled over mandrels, the last few passes being made without support, 
as such small mandrels are not convenient. These two methods are 
said to produce drill steel which suffers too many failures. The process 
adopted by the author’s firm consists in drilling out the billet and filling 
it with copper; the billet is rolled down and the copper is removed. 
Details of procedure are not given. The structure of the “ copper- 
cored ”’ steel is dense and the surface of the hole is not decarburised. 


The Manufacture of Broad-Flanged Parallel Girders. F. Trappiel. 
(Stahl und Hisen, 1928, Vol. 48, Nov. 1, pp. 1533-1545). For the 
rolling of wide-flanged beams with parallel flanges the grooving of the 
rolls is so designed as to produce even stretching of the material in all 
parts of the section during rolling, so that the finished girder shall be 
entirely free from internal stresses. The form of rolls and method of 
rolling are the subject of a patent D.R.P. No, 355588. 


The Manufacture of Broad Flange Parallel Beams. F. Trappiel. 
(Rolling-Mill Journal, 1929, Vol. 3, Mar., pp. 131-134). An abridged 
translation of the above article. 


Mill for Producing Trussed Joists. (Blast-Furnace and Steel Plant, 
1929, Vol. 17, Apr., pp. 555-556). Rolling-Mill Equipped with Unique 
Drive. (Rolling-Mill Journal, 1929, Vol. 3, Apr., pp. 163-166). An 
illustrated account is given of a continuous mill used for slitting and 
expanding small I-beams to produce light trussed joists for building con- 
struction. It consists of three stands, with accessories, including an 
approach table, pinch rolls, delivery rolls and a run-out table. One 
feature is the method of drive, no pinion stands being included in the 
installation. The three work stands are driven directly through a com- 
bination of bevel and back gears, and the accessory equipment by chain 
and gear drives from the work rolls. All roll necks and gear shafts are 
equipped with Timken bearings. The first or entry stand pinches the 
beam and delivers it to the slitting rolls; the second stand operates 
the slitting rolls which form the strands in the finished beam ; and the 
third stand operates the finishing rolls and delivers the joist to the hot 
bed. Since the distance between the last stand and the middle, or 
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slitting, stand varies with the size of joist to be rolled, provision has 
been made for moving both the last stand and its bevel gear drive on 
rails. In all but the straightening and finishing stands the work rolls 
are overhung, being keyed to an extension of the roll shaft which 
projects beyond the housing. This construction is said to facilitate 
the removal of the rolls. The mill is in operation at the Buffalo 
plant of the Kalman Steel Co., Chicago. 


Special Design Marks New Barton Rail Steel Mill at Chicago. F. B. 
Pletcher. (Iron Trade Review, 1928, Vol. 83, Nov. 15, pp. 1242-1243, 
1276). The layout of the new mill of the Barton Steel Company, 
Chicago, for the production of bars and other sections from old rails is 
described. The main mill equipment consists of a six-stand 3-high mill 
driven directly from a mill motor, which operates only the rolls. The 
drive is without speed reducers or similar mechanism. 


Automatic Seamless Pipe Mill. S. G. Koon. (Iron Age, 1928, 
Vol. 122, Nov. 29, pp. 1353-1358). Two automatic seamless pipe mills 
at the Aliquippa plant of the Jones and Laughlin Steel Corporation, 
Pittsburgh, are described and illustrated. The first mill is capable of 
producing pipe from 62 to 142 in. outside diam., and the second mill 
from 22 to 68 in. outside diam. The blooms are heavy, ranging from 
8 x 8 to 14 x 14 in. in section and about 10 ft. in length. These are 
pickled and passed through continuous furnaces before being rolled in 
two stands of 2-high rolls for the production of rounds forming the 
blanks for the tube mill. The rounds are then passed through the 
tube mill furnaces and enter the piercing machine. This consists of a 
Mannesmann type of cross roll with mandrel. On leaving the piercing 
machine practically all the blanks are passed through the expander or 
second piercer and from thence to the plug mill. In both these mills 
the action is to reduce the wall thickness of the tubes and increase the 
diameter. They are next passed through the reeling machines, the 
operation of which is similar to that of the piercing mills. The type 
and setting of the rolls are similar but of smaller angle, while the plug 
over which the pipe passes is slightly larger than the inside diameter of 
the finished pipe. The tubes are next passed through the sizing rolls, 
which reduce them from the slight over-size at which they left the reelers 
to the exact diameter required for the finished pipe. 


Modern Cold-Rolling Plants. (Demag News, 1929, Vol. 3, Jan., 
pp. 1-12). Recent types of cold-rolling mills and auxiliary equipment, 
including pickling machines, buckling or desintering mills, and wind- 
ing, straightening, cutting, and shearing machines, are described and 
illustrated. 


Adds Cold-Rolled Strip Department. (Iron Age, 1928, Vol. 122, 
Dec. 27, pp. 1629-1631; Iron Trade Review, 1928, Vol. 83, Dec. 20, 
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pp. 1560-1562). Particulars are given of the new cold-rolled strip 
plant of the Sharon Steel Hoop Co., Sharon, Pa. The rolling equipment 
consists of three sets of tandem roughing rolls, with reels and coilers 
and complete handling equipment for materials and rolls. There are 
seven sets of finishing mills with auxiliary equipment, similar to the 
roughing mills. Other finishing equipment consists of slitters, roller 
levellers, edging mills, rewinders, polishing machines, oiling machines, 
and shears. 


Design and Operation of Strip Mills. (Blast-Furnace and Steel 
Plant, 1928, Vol. 16, Nov., pp. 1454-1459). The article is an English 
translation of Reports 60 and 61 of the Rolling-Mill Committee of the 
Verein deutscher Hisenhiittenleute, the authors of which were C. Schulz 
and H. von Avanzini.. The former report described the strip mills of 
the firm of Theodor Wuppermann at Schlebusch-Manfort, and the 
latter the strip mill of the Bochumer Stahlindustrie. The original 
texts appeared in Stahl und Hisen (see Journ. I. and 8.14, 1928, No. II. 
p. 348). 


Semi-Continuous Rolling-Mill for Steel Strip. (Demag News, 1929, 
Vol. 3, Apr., pp. 29-33). A complete illustrated account is given of 
the semi-continuous strip mill and its auxiliary equipment at the 
August-Thyssen-Hiitte, Dinslaken. Strip is rolled in widths of 3-95 to 
17-7 in., and in thicknesses from 0-049 to 0-118 in. While rolling is in 
progress the train itself only needs a crew of four men and a foreman 
to superintend it. The total time taken to roll down a bloom measuring 
11 X 3 X 40 in. into strip of 11 x 0-108 in. is not more than 48} sec. 


On the Production of Tube Strip. EH. Stahl. (Réhrenindustrie, 
1929, Vol. 22, Feb. 14, pp. 54-56). The author discusses the raw 
materials and the mills used for the production of steel strip for the 
manufacture of tubes. 


Rolling Bar Plates and Hot Strips. J. B. Ink. (Paper read before 
the American Institute of Electrical Engineers : Tron Age, 1929, 
Vol. 123, Apr. 18, pp. 1070-1971). The general arrangement of the 
bar plate and hot strip mill recently placed in service by the American 
Rolling-Mill Co., Middletown, Ohio, is described. The mill consists of 
eleven stands. The first seven constitute the bar mill and normally 
reduce the sheet to about 3-in. thickness. The last four stands are the 
hot strip mill. Between stands 7 and 8 are a run-out table, a transfer 
and a bar piler for taking off sheet bar or other heavy-gauge product. 
Stands Nos. 1 to 4 are independent as regards speed, while Nos. 5 to 7 
and Nos. 8 to ll are interdependent. The first four stands are each 
driven by a wound-secondary induction motor, and are equipped with 
flywheels. Stands Nos. 5 to 11 are driven by 600-v. d.c. adjustable 


speed motors. 
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Sheet Steel for Automobile Bodies. (Blast-Furnace and Steel Plant, 
1928, Vol. 16, Nov., pp. 1449-1453). The continuation of a series of 
articles (see Journ. I. and 8.1., 1928, No. II. p. 346). The present in- 
stalment reviews the various methods employed in testing sheet steel 
for such properties as ductility, hardness, tensile properties, &c., and 
these characteristics are compared with the results of microscopical 
examination. 


Rolling High-Grade Auto Sheets. W.H.Melaney. (Blast-Furnace 
and Steel Plant, 1929, Vol. 17, Jan., pp. 91-93). Some of the problems 
involved in rolling sheets for the automobile industry are discussed. 
The double mill loose pack system of rolling produces sheets with sur- 
faces much superior to other systems of rolling. An illustration is 
given of a method of applying steam to the rolls. 


Four- and Six-Roll Stands in American Rolling-Mills. HE. Link. 
(Stahl und Eisen, 1929, Vol. 49, Jan. 10, pp. 37-40). The article 
describes the types of sheet rolling-mills with backing rolls and fitted 
with roller bearings. The continuous sheet rolling-mills of the Weirton 
Steel Co. are described. 


Reversing Sheet Mill Designed to Eliminate Heat Losses. L. 
Cammen. (Iron Trade Review, 1929, Vol. 84, Apr. 11, pp. 994-995). 
Particulars are given of a 2-high reversing sheet mill under con- 
struction in America. The mill is equipped with high-frequency coils 
between the housings to heat the sheets during the rolling process. 


Steel Sheet Rolling in the United States. (Iron and Coal Trades 
Review, 1928, Vol. 117, Dec. 21, p. 910). A digest is given of the dis- 
cussion that took place before the American Society of Mechanical 
Engineers on various problems connected with the roiling of steel sheets. 


Sheet and Tube Tin Mill at East Chicago. F. W. Manker. (Blast- 
Furnace and Steel Plant, 1929, Vol. 17, Feb., pp. 291-292, 304). An 
account is given of the plant of the Youngstown Sheet and Tube Co., 
for the manufacture of tin sheets. 


Schedules First Tin-Mill Plant West of Mississippi River. A. J. Hulse 
and C. EH. Dougan. (Iron Trade Review, 1929, Vol. 138, Mar. 21, 
pp. 782-784; Blast-Furnace and Steel Plant, 1929, Vol. 17, Apr., 
pp. 557-559). Particulars are given of the equipment of the new tin- 
mill plant of the Columbia Steel Corporation, Pittsburgh, California. 
The hot mills consist of eight 28 x 34 in. roll stands driven by a 
180 H.P. motor through a single herring-bone reduction set. The mills 
are arranged to operate on the single mill, three-part system. Hach 
mill is served by a continuous pair furnace and a sheet furnace, both 
oil-fired by low-pressure burners, 
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Rolling-Mill Statistics, 1928. (Iron and Steel Engineer, 1929, 


Vol. 6, Feb., pp. 93-94). A table is given showing the new rolling-mill 


equipment put in operation in the United States during 1928. The 
type and style of mill, motor characteristics, and method of drive are 
given. 


Electricity’s Contribution to the Iron and Steel Industry. (Iron and 
Steel Engineer, 1929, Vol. 6, Jan., pp. 25-65). A complete list is given 
of the main roll drives installed in the American iron and steel industry 
at the end of 1928. The tabulation shows the h.p., r-p.m., voltage, 
cycles, type, and size of mill, method of drive, date of purchase, name of 
plant and location. A classified list also gives the types of installation 
in blooming mills, plate mills, rail and structural mills, bar and billet 
mills, sheet bar and skelp mills, sheet and tinplate mills, rod mills, 
piercing mills, tube mills, strip and hoop mills, merchant mills, wire 
mills, wheel mills, and non-ferrous mills. The multi-speed drives, a.c. 
speed sets, d.c. adjustable speed drives, and reversing blooming-mill 
drives are also tabulated. 


Development in Electricity and Power. G. Fox. (Blast-Furnace 
and Steel Plant, 1929, Vol. 17, Jan., pp. 78-80). Progress in the 
application of electricity to rolling-mill plant, blast-furnace charging 
gear, and gas-cleaning plant is reviewed. 


Developments in Mill Drives in 1928. J. D. Wright. (Blast- 
Furnace and Steel Plant, 1929, Vol. 17, Jan., pp. 86-87, 98). The new 
36-in, reversing universal slabbing mill at the Steubenville (Ohio) works 
of the Wheeling Steel Corpn. is briefly described ; the horizontal and 
vertical rolls will be independently driven by two separate motors, and 
the control gear will maintain the correct speed ratio between the two 
drives without the use of any mechanical gearing. Notes concerning a 
number of other new mills and drives are given, and other electrical 
developments in mills and their auxiliary plants are touched on. 


Large Expansion in Electric Drive. S. G. Koon. (Iron Age, 1929, 
Vol. 123, Mar. 14, pp. 743-744). Additions made to the electric-drive 
equipment of rolling-mills in America in 1928 are tabulated, and the 
growth in application of electric drive to main rolls since 1905 is shown. 
Other tables show respectively the number and size of large motors 
operating various types of mills, and the range of sizes of mill motors. 


Electrical Applications in Steel Plants. A. F. Kenyon. (Blast- 
Furnace and Steel Plant, 1929, Vol. 17, Jan., pp. 99-102, 106). Brief 
mention is made of motor drives installed during the year 1928 that 
possess features of interest. A table, containing the names of 78 
plants, shows the type of mill and drive installed, and details of the 
electric motors supplied for them during the year. 
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Electrical Developments in the Iron and Steel Industry. D. W. Dean. 
(Rolling-Mill Journal, 1929, Vol. 3, Jan., pp. 23-26, 34). The author 
reviews recent applications of adjustable and constant speed drives to 
rolling-mills. 


Starting Characteristics of Steel Mill Synchronous Motors. H. H. 
Angel. (Iron and Steel Engineer, 1929, Vol. 6, Apr., pp. 147-156). 
For a number of years the wound rotor induction motor has been used 
on practically all steel mill constant speed main roll drives. This 
motor is admirably suited for such service, due to its ability to produce 
high starting torques and carry sustained overloads, which are require- 
ments in steel mill service. However, inherent in the best motors of 
this type is its low-power factor, which penalises the generating and 
distribution system with wattless current. Synchronous motors have 
been used on air-compressors, motor-generator sets, and in other appli- 
cations where the starting duty does not require more than 20 to 
30 per cent. of full-load starting torque. In low-speed applications 
the first cost is somewhat less than its wound rotor induction motor 
competitor, and its efficiency is slightly higher. In the last three 
years improvements in automatic starting equipment and in the 
designs of synchronous motors, whereby greater starting torque 
with a minimum current input is available, have led to an increased 
number of installations. 


Adjustable Speed Main Roll Drives. M. H. Morgan. (Iron and 
Steel Engineer, 1928, Vol. 5, Oct., pp. 429-448; Nov., pp. 467-489). 
This paper contains a great deal of information bearing upon the 
application and use of adjustable speed a.c. and d.c. main roll drives. 
The October issue deals with d.c. drives, and with the various methods 
of obtaining more than one speed from the standard induction motor 
without the use of auxiliary machines. The general principles of the 
Kramer, Scherbius, and frequency-converter sets are outlined. The 
November issue contains a detailed description of these sets, together 
with the brush-shifting a.c. motor. A comparison is also made of a.c. 
and d.c. drives. 


Recent Developments at Sparrows Point. F.0O.Schnure. (Iron and 
Steel Engineer, 1929, Vol. 6, Jan., pp. 19-24). An illustrated account 
is given of additions made to the rolling-mill equipment at the Sparrows 
Point plant of the Bethlehem Steel Co., with special reference to the 
electric driving installations. 


Specifications of 40-in. Reversing Blooming-Mill Drive. (Iron and 
Steel Engineer, 1928, Vol. 5, Oct., pp. 448-451). This specification 
covers electrical apparatus to drive a 2-high reversing mill. The 
equipment consists of a reversing d.c. roll-drive motor receiving its 
power from a suitable motor-generator flywheel set, and complete 
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control equipment. The specification is submitted as a guide in 
preparing specifications of this nature. 


The Rod-Mill Electrification at the South Works of the American 
Steel and Wire Co., Worcester, Mass. R.H. Bryant. (Iron and Steel 
Engineer, 1928, Vol. 5, Dec., pp. 501-507). The scheme for the 
electrification of the rod mills at this plant is described in detail. 


Rod-Mill Electrification in the South. G. Fox. (Freyn Design, 
1929, Feb., pp. 8-9). Gulf States Steel Company Electrification. R. H. 
Wright. (Blast-Furnace and Steel Plant, 1929, Vol. 17, Jan., pp. 162- . 
163). The electric driving equipment of the rod mills of the Gulf 
States Steel Co. is described. Five synchronous motors are used in a 
system of subdivided or group drives. 


Electrification of Rail Steel Re-Rolling Mill. A. J. Whitcomb. 
(Freyn Design, 1929, Feb., pp. 17-20 ; Blast-Furnace and Steel Plant, 
1929, Vol. 17, Mar., pp. 415-417, 435). The electric driving equip- 
ment of the rail re-rolling mill at the Pollak Steel Co., Marion, Ohio, 
is described and illustrated. 


Transmission Ropes in Rolling Mills. N. A. Sobolevsky. (Journal 
of the Russian Metallurgical Society, 1928, No. 3, pp. 41-54). (In 
Russian.) 


ROLLING-MILL MACHINERY. 


Electric Induction Roll Heaters. (Iron and Coal Trades Review, 
1928, Vol. 17, Dec. 7, pp. 832-833). An electrical device for warming 
up sheet and tinplate rolls is described and illustrated. The heater 
consists of a strip of copper wound on edge with the under-sides con- 
nected by flexible leads, the whole being braced together and supported 
by two rods placed over the rolls. The rolls themselves are covered 
with a sheet of asbestos cloth, which prevents loss of heat by radiation 
and at the same time protects the roll heater from the heat of the rolls. 
The heater can be put on or taken off within ten minutes, all the con- 
nections of the coils being made by tightening one bolt, and none of 
the permanent mill fixings need be removed. The arrangement of the 
transformer depends on the number of roll heaters in use in one line 
of mills. Each heater takes approximately 50 to 60 kw. to raise the 
temperature of a pair of rolls 42 x 30 in. diam. to 300° C. in 12 hr., 
consuming from 600 to 720 units. The type of heater described is in 
use at the Shotton Works of John Summers & Sons, Ltd. 


Rolling-Mill Couplings. A. Haag. (Stahl und Eisen, 1928, Vol. 48, 
Nov. 8, pp. 1581-1584). Various types of flexible couplings for rolling- 
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mills are well illustrated and described, among them the Francke 
coupling, the Thomas or Thomson coupling, and the David coupling of 
the Allis-Chalmers Manufacturing Company. The principle is much the 
same in all these types, the coupling consisting generally of two thick 
flanges, each provided with a number of sockets, those in the face of one 
flange corresponding exactly to those in the other. Tongues of tough 
spring steel are fitted loosely in the sockets of one flange and project 
into the corresponding sockets in the opposite one. Special reference 
is made to the Bibby coupling, which is of large diameter. On the 
periphery of the two flanges are cast strong steel projections, somewhat 
like the teeth of a spur wheel. A strong serpentine spring of flat steel 
is laid round the flanges, fitting in the grooves or spaces between the 
projections. By this means a great degree of flexibility is secured, and 
the coupling has been successfully used where rigid couplings have failed 
ina very short time. A modification of it, so as to forma sliding clutch 
coupling, has been introduced. 


Chain Transfer Table for Blooms. (Blast-Furnace and Steel Plant, 
1928, Vol. 16, Dec., pp. 1559, 1570). Blooms Routed in Four Directions. 
(Iron Age, 1928, Vol. 122, Nov. 8, pp. 1166-1167). Particulars are 
given of the chain transfer table in operation at the new plant of the 
Timken Steel and Tube Co., Canton, Ohio. Material coming from one 
operation may be diverted to any of four others. The table has an 
overall length of 81 ft., and a width sufficient to accommodate either 
two rows of 9-ft. blooms, or a single row of 18-ft. blooms. Bloom 
travel is accomplished by four endless chains, provided with carrying 
dogs, which extend 4 in. above the surface of the skid rails. The chains 
are driven from four sprockets mounted on a common shaft at the 
delivery end of the table, and run over four spring sheave take-up 
sprockets at the shear table end. The drive consists of a 90 H.P., 220 v. 
compound wound, mill-type motor, which drives the sprocket shaft 
through a reduction unit, giving a chain speed of 150 ft. per min. 


Individual Motor Drives for Roll-Out Tables. J. C. Dobelblower. 
(Rolling-Mill Journal, 1929, Vol. 3, Jan., pp. 35-36, 40). The applica- 
tion of individual electric motors to the rolls of roll-out tables is dealt 
with, and types of motors and their constructional features are described. 


Thin Sheet Doubler. (Kruppsche Monatshefte, 1929, Vol. 10, Mar., 
pp. 35-37). The Krupp-Gruson electrically operated sheet doubler is 
illustrated and described. (See Journ. I. and 8.1., 1928, No. IT. p. 353.) 


MANUFACTURE OF WIRE. 


The Power Required and the Work Done in the Cold-Drawing of 
Wires. A. Pomp, E. Siebel, and E. Houdremont. (Mitteilungen aus 
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dem Kaiser-Wilhelm-Institut fiir Hisenforschung, 1929, Vol. 11, pp. 53- 
72). The power requirements and the work done in cold-rolling steel 
and copper wire were measured, and the influence of the material, the 
reduction of draught, the shape of the die, the drawing speed, and 
the lubrication were studied. As a standard of reference, the efficiency 
of the process was used—that is, the ratio of the work theoretically 
required to carry out the deformation process only to that actually 
recorded by measurement. Speed of drawing had only a small influence 
on the power required and on the work done. With increasing reduc- 
tions of draught, the efficiency increased. An optimum value for the 
efficiency was obtained when the inclination of the walls of the die lay 
between 6° and 12°; as the reduction increased this optimum value 
moved from the smaller towards the larger angles. Lubrication had 
the greatest influence on the efficiency ; the best results were obtained 
with a lubricant composed of lime and rape oil. The amount of 
reduction permissible was dependent on the degree of “ strain,” which 
is the quotient of the average longitudinal stress and the tensile strength 
of the wire running out ; the degree of strain increased with increasing 
reduction and with the total change of shape of the material. The 
shape of the die and the lubrication affected the ductility in the same 
way that they did the efficiency. 


On the Theory of the [Wire-] Drawing Process. G. Sachs. (Mit- 
teilungen der deutschen Materialpriifungsanstalten, 1929, Son derheft V., 
pp. 137-138). A mathematical study of the forces exerted when a wire 
is drawn through a die. 


New Mill Treats Wire Manufacture as a Handling Problem. (Wire 
and Wire Products, 1929, Vol. 4, May, pp. 152-154, 174; Tron Age, 
1929, Vol. 123, May 2, pp. 1206-1211). The layout and equipment of 
the new wire mill of the Sheffield Steel Corporation, Sheffield, Missouri, 
are described and illustrated. 
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PYROMETRY. 


Automatic Temperature Regulator. M. Astruc. (Arts et Métiers, 
1928, Vol. 81, Dec., pp. 463-468). When an alternating current is 
passed through an electro-magnet with a variable air gap, the intensity 
of the current is a function of, and within certain limits is proportional 
to, the size of that air gap. Advantage of this fact is taken in the 
automatic temperature regulator described in the article. The pyro- 
meter consists of a sheath tube of metal suitable to resist high tempera- 
tures, the lower end of which is closed; within this and touching its 
closed end is the “ transmitter ”’ tube, the coefficient of expansion of 
which differs from that of the sheath. Within the head of the pyro- 
meter, rigidly attached to the sheath tube, is a system of springs and a 
lever ; the relative expansions of the sheath and the transmitter tube 
cause the lever to move in such a way that the air gap of an alternating 
current electro-magnet is varied. In electrical connection with the 
pyrometer is the relay ; this is so arranged that when current passes 
through it a tube containing mercury is tilted so as to complete a cir- 
cuit, which actuates the electrically operated main switch controlling the 
furnace. When the temperature of the furnace exceeds the value for 
which the pyrometer is set, the variable air gap is reduced, the current 
passing through the relay becomes insufficient to maintain the mercury 
tube in the tilted position, the current to the main switch is interrupted, 
and the main switch shuts off the supply current to the furnace. The 
regulator is stated to maintain the temperature of a furnace within 
very close limits, and is not affected by external disturbances. 


A Pyrometer for Registering Temperatures by Means of Colour 
Change. G.Naeser. (Stahl und Hisen, 1929, Vol. 49, Apr. 4, pp. 464- 
466). The principle of a new type of pyrometer for measuring tem- 
peratures from 900° to 2000° C. is described. The light from the 
radiating body passes through three filters to the eye of the observer. 
The first filter absorbs all rays except the red and green. Filters 2 and 
3 are geometrically similar wedges: No. 2 absorbs the red rays in an 
increasing degree, according to the thickness of the part of the wedge 
through which they pass, while all green rays pass through; No. 3 
filter absorbs all green rays in increasing degree and allows the red rays 
to pass. A mixed red and green colour is thus presented to the eye. 
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According to the temperature of the radiating body the intensity of the 
green and red rays passing the filters varies, and it is quite easy to 
adjust the wedge-shaped filters until the mixed colour is corrected, and 
according to their position the temperature is read off on a scale to 
within an accuracy of 13° C. 


The Measurement of High Temperatures and the Disappearing 
Filament Pyrometer. F. A. Foerster. (Zeitschrift fiir die gesamte 
Giessereipraxis, 1929, Vol. 49, Feb. 19, pp. 29-32). The disappearing 
filament type of optical pyrometer and its use is described. 


HEAT-TREATMENT EQUIPMENT. 


The Effect of Furnace Atmospheres on Steel. R. G. Guthrie. 
(Transactions of the American Society for Steel Treating, 1929, Vol. 15, 
Jan., pp. 96-116). In this paper, which is in the nature of a progress 
report, the author presents the results of tests with atmospheres 
commonly met with in various types of heat-treating furnaces. The 
temperature of 1500° F. was chosen throughout all the tests as being 
an average temperature for the heat treatment of carbon steels of 
about the eutectoid composition. The type of steel, conditions of time, 
pressure, velocity, &c., were constant, the only variable being the different 
simple gases. The effects of mixing the gases in various proportions are 
also shown, and the chemistry of the combustion of gas is dealt with in 
an appendix to the paper. The following practical points are brought 
out: (1) Scaling or oxidation with oxygen does not cause decarburisa- 
tion at 1500° F. ; (2) carbon dioxide alone is not neutral, and is both a 
decarburiser and oxidiser of iron and steel; (8) the intelligent use of 
raw gas, independent of that consumed through the burners, offers 
possibilities of extremely flexible conditions of furnace atmospheres, 
and is, therefore, a valuable adjunct to the heat treatment of steel. 


Theoretical Considerations in Electric Tunnel Kiln Design. J. 
Kelleher. (Paper read before the American Electrochemical Society, 
May 1929). A description is given of a method followed in design- 
ing an electric tunnel kiln, from data on the time-temperature cycle 
required by the materials to be heat-treated. 


The Electric Annealing Furnace. E.F. Russ. (Die Giesserei, 1929, 
Vol. 16, Jan. 18, pp. 61-62). The advantages of electrically heated 
pot annealing furnaces are reviewed ; such a furnace and the results 
obtained with it are described. 


Progress Made in the Use of Electric Furnaces for Heat Treatment. 
A.N. Otis. (Transactions of the American Society for Steel Treating, 
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1929, Vol. 15, May, pp. 767-795). The author shows the present 
status of electric furnaces, the extent of their use for heat treatment, 
and describes some new types that have been recently developed. The 
advantages of electric furnaces for heat treatment are pointed out. 


Electric Heating and Heat-Treating. A. N. Otis and W. L. Warner. 
(Paper read before the Western Metals Congress, 1929: Heat Treating 
and Forging, 1929, Vol. 15, Feb., pp. 225-226, 229-230, 233). 


Electric Furnaces for Heat Treatments. R.H. Talley. (Paper read 
before the Industrial Electric Heating Conference, 1928: Heat Treat- 
ing and Forging, 1929, Vol. 15, Jan., pp. 93-96). 


Electrically Heated Rotary Carburiser. H. M. Chatto. (Iron Age, 
1929, Vol. 123, Apr. 25, pp. 1153-1154). An electric rotary carburising 
furnace is described, which consists of a rotating alloy cylinder inside 
an electrically heated automatically controlled box-shaped furnace 
chamber. The heating units comprise three windings of the ribbon type, 
operating on a 220-v. three-phase circuit, and having a connected load 
of 70 kw. Parts to be carburised are shovelled into the cylinder 
together with the carburising compound and are carburised as they 
are tumbled, resulting in uniform carburisation. 


Conveyor Type Electric Furnaces. A. H. Vaughan. (Heat Treat- 
ing and Forging, 1928, Vol. 14, Nov., pp. 1328, 1331-1332). Various 
types of mechanism for conveying work through electric furnaces are 
described. 


Continuous Annealing Furnaces for Improving the Quality of Ductile 
Sheets. H. Fry. (Stahl und Hisen, 1928, Vol. 48, Oct. 4, pp. 1407— 
1409). This article describes and illustrates some new types of sheet 
annealing furnaces adopted by some motor manufacturers in the 
United States. Instead of packing the sheets in boxes, in which the 
distribution of heat is difficult to control, the centre of the pile not 
reaching the transformation point for some time after the edges and 
upper and lower sheets have attained to that temperature, they are 
placed either singly or in pairs on the rolls of a travelling bed inside 
a long continuous furnace with a reducing atmosphere, fired with coke- 
oven gas. The furnace is maintained at a temperature of 1100° C., and 
the sheets travel through at a speed of 2 to 10 m. per min. The length 
of the heating chamber is 18 m., and a cooling chamber 12 m. long forms 
an extension of it. The sheets, after passage through the furnace, are 
of uniform grain and of high ductility. 


Sheets Normalised on a Large Scale. (Iron Age, 1928, Vol. 122, 
Dec. 20, p. 1577), Particulars are given of the design of a continuous 
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furnace for the normalising of automobile sheets. It is fired with natural 
gas and has a capacity of 140 tons per 24hr. It is 140 ft. long, including 
loading and unloading tables, and has a heating chamber 100 ft. in 
length and a cooling chamber 40 ft. long. The width is sufficient to 
handle 80-in. sheets. The furnace is top and bottom fired, having 60 
burners at the top and 60 at the bottom in the heating zone. The 
sheets are carried through the furnace on roller discs, mounted on 
hollow, water-cooled shafts that are insulated with highly heat-resisting 
alloys. 


Modern Furnaces for Normalising Sheets. (Heat Treating and 
Forging, 1928, Vol. 14, Nov., pp. 1321-1324 ; Blast-Furnace and Steel 
Plant, 1928, Vol. 16, Dec., pp. 1571-1573, 1578). A description is 
given of recent equipment for the continuous annealing of sheet steel. 
The metallurgical features of the process are fully discussed. The 
furnace described is 155 ft. long and is divided into preheating, soaking, 
and cooling zones ; it is oil-fired, and 20 burners are fitted on each side 
of the furnace.- The furnace is built up of sections each about 5 ft. 
long and forming the two walls and roof, with joints to allow for thermal 
expansion. Any of the sections can be removed for repair work, the 
operation taking less than one hour. The joints between the sections 
are filled with plastic clay to prevent air from entering. 


Double-Deck Conveyor Furnaces Used for Annealing Stampings. 
(Fuels and Furnaces, 1928, Vol. 6, Dec., pp. 1655-1657). Particulars 
are given of an installation of five oil-fired furnaces of the double-deck 
continuous conveyor hearth type, in which the product is heated in 
the upper chamber and cooled in the lower chamber. 


Modernised Equipment for Carburising. F. W. Manker. (Heat 
Treating and Forging, 1928, Vol. 14, Nov., pp. 1326-1327). The heat 
treatment plant of the Willys-Overland Co. is described. 


Automobile Accessories Heat-Treated. J. B. Nealey. (Heat 
Treating and Forging, 1928, Vol. 14, Dec., pp. 1450-1452). Heat- 
treatment plant of the Stewart-Warner Speedometer Corpn., Chicago, 
Tll., is described. 


Heat-Treating Ball-Bearing Parts. J. B. Nealey. (Iron Age, 1929, 
Vol. 123, Apr. 4, pp. 943-945). The equipment and practice at the 
plant of the Nice Ball Bearing Co., Philadelphia, for the heat treatment 
of ball-bearing parts are described and illustrated. 


Shop of the Timken Detroit Axle Co. H. W. McQuaid. (Heat 
Treating and Forging, 1929, Vol. 15, Jan., pp. 44-47). The methods 
and equipment employed by the Timken Detroit Axle Co. for the 
production of automobile axles are described. 
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CEMENTATION AND CASH-HARDENING. 


Some Cementations of Steel by Special Manganese-Base Alloys. 
J. Cournot. (Paper read before the Highth Congress on Industrial 
Chemistry, Strasburg, 1928 ; abstract, Revue de Métallurgie, Mémoires, 
1928, Vol. 25, Dec., pp. 669-670). The paper reports the continuation 
of the author’s work on intermetallic diffusion, and deals with the 
cementing action of manganese-base ferro-alloys on carbon steels. The 
ferro-alloys used were: (i) a 15 per cent. spiegel ; (11) a 76 per cent. 
ferro-manganese ; and (iii) an iron-manganese-silicon-aluminium alloy 
containing Mn 19, $i 21, and Al 10 per cent. 


Metallic Cementation. (Metallurgist, 1929, Jan., pp. 7-8). A 
critical review of Laissus’ work on cementation by uranium (see Journ. I. 
and §.1., 1928, No. L., p. 857). 


Decarburisation of High-Carbon Steel in ‘‘ Reducing Atmospheres.” 
J. J. Curran and J. H. G. Williams. (Transactions of the American 
Society for Steel Treating, 1928, Vol. 14, Dec., pp. 809-830). The 
authors have observed many instances of soft skin in high-carbon steel 
parts which have been hardened under different commercial conditions, 
but usually when precautions were taken to minimise scaling. Tests 
were carried out to determine the effect of extremely reducing carbona- 
ceous atmospheres such as those produced by carburising compounds 
when used to “‘ pack-harden ” steel. The tests were carried out on 
drill rod of the following analysis : Carbon 1:15, manganese 0-28, and 
silicon 0-19 per cent. Specimens were subjected to annealing treat- 
ments, packed in four different mixtures: (1) powdered charcoal ; 
(2) powdered charcoal plus 10 per cent. of sodium chloride ; (3) pow- 
dered charcoal plus 10 per cent. sodium carbonate; and (4) powdered 
charcoal plus 10 per cent. barium carbonate. The temperatures and 
times of heating were as follows: (1) Heated to 1275° F., held at heat 
4 hr., cooled slowly with the furnace ; (2) heated to 1425° F., held at 
heat 4 hr., cooled slowly with the furnace ; (3) heated to 1675° F., held 
at heat 2 hr., cooled slowly with the furnace. The tests indicated that 
carburising packing mixtures may be either carburising or decarburising 
in their action, depending on the activating material used in the 
mixture and on the temperature of heat treatment. It is concluded 
that packing materials used to protect steel during heating operations 
are probably responsible for the skin softness of the steel after heat 
treatment. 


Case-Carburising of Steel. H.B. Northrup. (Fuels and Furnaces, 
1929, Vol. 7, Mar., pp. 347-352). 


Depth and Character of Case Induced by Mixtures of Ferro-Alloys 
with Carburising Compounds. HE. G. Mahin and R. C. Spencer. 
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(Transactions of the American Society for Steel Treating, 1929, Vol. 15, 


_Jan., pp. 117-144). The experiments described in the paper show that 


if silicon absorption is confined to surface layers of iron or steel, carbon 
absorption during case carburisation may be retarded without materi~ 
ally affecting the rate of inward migration of the carbon after it has 
been absorbed. By utilising this principle it has been found possible 
to produce a deep case without a zone of free cementite, by using an 
ordinary carburiser in conjunction with ferro-silicon, and by employing 
higher carburising temperatures, thus shortening the time required to 
complete the case carburisation. 


Case-Hardening of Steel in Cyanide Baths. I’. Rapatz. (Stahl und 
Kisen, 1929, Vol. 49, Mar. 28, pp. 427-429). In molten cyanide salts 
the steel absorbs simultaneously both carbon and nitrogen. The 
author describes experiments made with the Durferrit cyanide har- 
dening flux, on a mild steel containing 0-12 per cent. carbon. After 
immersion for half an hour at a temperature of 850° C. the depth of 
case was 0°35 mm., at the end of 2 hr. it was 0-5 mm., and after 6 hr. 
it was0-6mm. At 950° the cementation proceeded a little more rapidly, 
the case reaching a depth of 0-6 mm. at the end of 2 hr., and this was 
not increased by longer immersion. At 850° after 2 hr. the nitrogen 
rose from nil to 0-9 per cent. at a depth of 0-05 mm., to 0-3 per cent. 
at a depth of 0-1 mm., and to 0-05 per cent. ata depth 0:6 mm. The 
carbon was 0°65, 0:5, and 0-32 per cent. at depths of 0-05, 0°3, and 
0-6 mm. respectively. The case is readily capable of hardening, and 
the process appears of utility for case-hardening small parts. 


Salt-Bath Hardening. (Automobile Engineer, 1929, Vol. 19, Jan., 
p.16). A brief note on the use of Durferrit hardening flux. A hooded 
furnace is used; tempering salt is first melted, and to this is added 
three times as much of the hardening flux. For ordinary steels the 
temperature is held at 950° C.; a case 0:02 in. thick is obtained in 
half an hour, or 0:04 in. thick in 2 hr. Tempering may be carried out | 
by a short immersion in the same bath, if desired, though for routine 
work a second furnace held at, say, 760° C. is recommended. Freedom 
from distortion in the hardened parts is claimed. The consumption of 
the salts is said to be about 2 per cent. of the weight of the work treated. 


The Cyanide Bath. V. E. Hillman. (Fuels and Furnaces, 1929, 
Vol. 7, Jan., pp. 31-34). The author discusses the various compounds 
that are used in making up the cyanide bath, their concentration and 
proper method of keeping them up to strength, the correct operating 


temperature, depth of case obtained, and the properties of the case and 
core. 


Distortion in Case-Hardening. (Metallurgist, 1928, Vol. 4, Dec. 28, 
pp. 181-182). An abstract, with comments, of an article by R. Barat 
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(Revue de Métallurgie, Mémoires, 1928, Vol. 25, Oct., pp. 585-589 ; 
see Journ. I. and 8.1., 1928, No. II. p. 368). 


The Differential Method for Measuring the Thickness of Hard Cases 
without Sectioning Them. E. G. Herbert and P. Whitaker. (Paper 
read before the Iron and Steel Institute, May 1929: this Journal, 
p. 561). 


Note on Ehn’s Cementation Test. KR. Wasmuht and P. Oberhoffer. 
(Stahl und Eisen, 1929, Vol. 49, Jan. 17, pp. 74-77). Ehn has shown 
that it is possible to obtain by cementation a complete series of struc- 
tures of steels that have undergone different degrees of deoxidation, 
and contain in consequence more or less non-metallic impurities. The 
examination of a series of different structures would be a means for 
showing how the steel had been made and deoxidised. The authors 
have now made an investigation of the structure of carburised steels 
that had been carefully deoxidised and of others not so carefully made. 
They find that the evidence afforded by the varying structure is not 
very clear as to the degree of deoxidation of the steel, as there are 
other factors which exercise a considerable influence on the structure, 
such as the mode of deoxidation and the structure and size of the 
inclusions. 


Solubility of Carbon in Normal and Abnormal Steels. O. EK. Harder 
and W. 8. Johnson. (Transactions of the American Society for Steel 
Treating, 1929, Vol. 15, Jan., pp. 49-68). The present paper is a 
continuation of a study of normal and abnormal steels (Ibid., Vol. 13, 
pp. 961-1008). In the present investigation a study has been made of 
the solubility of carbon in typical normal and abnormal steels, making 
use of longer carburising times and different carburising temperatures. 
Specimens were quenched from various temperatures, including the car- 
burising temperature and lower temperatures, usually by 50° F. intervals, 
and the temperature at which the separation of the carbide first took 
place was noted. The results show that for a given carbon content 
precipitation takes place in the abnormal steel at a higher temperature. 
It was also found that as the carburising temperature increases the 
amount of carbon taken up by the normal and abnormal steels becomes 
essentially the same. The results seem to be consistent with the 
previously proposed mechanism of the formation of the characteristic 
microstructure found in abnormal steels. 


Cause and Control of Abnormality in Case-Carburised Steel. V. N. 
Krivobok. (Fuels and Furnaces, 1928, Vol. 6, Nov., pp. 1553-1554, 
1558). 


The Nitrogenation of Special Steels. L. Guillet. (Comptes Rendus, 
1927, Vol. 185, Oct. 24, pp. 818-821). It had been thought that 
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quenched and tempered steels, after nitrogenation (heating for 96 hr. 
in a current of ammonia gas), would show that special form of brittle- 
ness known as temper brittleness (Kruppkrankheit). Systematic 
researches have demonstrated the influence of molybdenum, and have 
given rise to the following conclusions : Chrome-aluminium steels are 
relatively little liable to temper brittleness ; nickel-chrome-aluminium 
steels are very susceptible, while chrome-aluminium-molybdenum steels 
with little nickel are not. Nickel-chrome-aluminium-molybdenum 
steels are slightly susceptible, but they nevertheless have satisfactory 
properties. The 96-hr. treatment did not reduce the hardness of the 
specimens tested. 


Surface Hardening of Steel with Nitrogen. F. L. Coonan. (Heat 
Treating and Forging, 1928, Vol. 14, Dec., pp. 1400-1401). The nitro- 
genation of steel and the composition of the metal are briefly discussed. 


The Case-Hardening of Steels by Nitrogen. (Engineer, 1928, Vol. 146, 
Dec. 7, pp. 637-638). The “ Nitration Process’ of case-hardening 1S 
described, and the properties and characteristics of the special steels 
used (Nitralloy steels) and of the cases produced are enumerated. 


Nitrogen Hardening. (Automobile Engineer, 1929, Vol. 19, Mar., 
pp. 91-92). 


A New Method of Nitrogen Case-Hardening. G. F. Bason. (Trans- 
actions of the American Society for Steel Treating, 1928, Vol. 14, Dec., 
pp. 932-934). Collector rings on some electrical machinery, after service, 
were found to have become hardened in spots, and these spots caused 
sparking and pitting of the rings. The spots appeared to be glass hard, 
and seemed by their shape and by the spacing between them to have 
been transmitted to the rings from the brushes when the former were 
at a standstill. It is believed that this hardening may be due to the 
ring being bombarded with nitrogen ions, thereby nitrogenising the 
surface of the steel. It is suggested that this process be imitated as a 
possible means of evolving a practical method of nitrogenation superior 
to those at present in use. 


Methods of Approximating Certain Physical Characteristics of 
Nitrided Steel Cases. G. M. Eaton. (Transactions of the American 
Society for Steel Treating, 1929, Vol. 15, Jan., pp. 1-35). It is shown 
that the vital characteristics of the case of nitrided articles are hardness 
and ductility. Photomicrographs are given showing the impressions 
produced on the nitrided case by practically all the recognised hardness 
testing machines. These impressions are briefly discussed, and the fact 
is brought out that the Vickers diamond hardness tester gives the 
clearest distinction between the brittle and ductile characteristics of 
nitrided cases. 
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Surface Hardening of Special Steels with Ammonia Gas Under 
Pressure. R.H. Hobrock. (Transactions of the American Society for 
Steel Treating, 1929, Vol. 15, Apr., pp. 543-568). Samples of special 
steels were nitrogenated with ammonia gas under pressure and the 
nature of the case examined. The results show that an increase in the 
pressure of the ammonia gas results ina decrease in the surface hardness, 
but greatly increases the depth of case produced in a given time. Curves 
are presented correlating hardness, time of treatment, and depth of case. 
From the results of these experiments and from the work of other 
investigators the author comes to the following conclusions: (1) An 
alloy intended for the establishment of a hard surface of no great depth 
might contain much more aluminium than an alloy intended for use 
where a deep case is required; (2) where high surface hardness and 
deep penetration are to be obtained by nitrogenation under pressure the 
amount of aluminium in solid solution in the alloy must be accurately 
controlled ; (3) the increase in hardness due to the nitrogenation of the 
alloy steels is due in part to the formation of a network of crystals of iron 
nitrides, and in part to the formation of slip interference particles of 
aluminium (and other) nitrides. 


HEAT TREATMENT OF IRON AND STEEL. 


Principles of the Heat Treatment of Steel. (‘Transactions of the 
American Society for Steel Treating, 1928, Vol. 14, Dec., pp. 893-926). 
The continuation of a series of articles giving an outline of the elemen- 
tary principles of the heat treatment of steel. (See Journ. I. and §.L., 
1928, No. IL, p. 367.) The present instalment includes a. selected 
bibliography of literature on the subject. 


Heat-Treating Improves Physical Properties of Carbon and Alloy 
Steel Castings. J. EH. Donnellan. (Foundry, 1929, Vol. 57, Mar. 15, 
pp. 238-242). The information presented in this article is abstracted 
from the Report of the American Society for Steel Treating, covering 
recommended practices for the heat treatment of carbon and alloy steel 
castings. The present article is supplemented with micrographs and 
other data. 


Thermal Treatments. Practical Advice. Macrographic Tests. LL. 


Persoz. (Aciers Spéciaux, 1928, Vol. 3, Dec., pp. 300-307). After a. 


brief explanation of the various heat treatments, the author gives 
practical advice for carrying them out. He also describes various 
macrographic tests and the means of performing them. 


Heat Treatment of Drop-Forgings. C. L. Foreman. (Fuels and 
Furnaces, 1929, Vol. 7, Apr., pp. 497-500). Particulars are given of 
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continuous gas-fired and oil-fired furnaces fitted with automatic 
temperature control apparatus for the heat treatment of gears and 
rough forgings. 


Heat-Treating Parts for Airplane Manufacture. J. B. Nealey. 
(Iron Trade Review, 1928, Vol. 83, Oct. 11, pp. 899-900, 902). An 
outline is given of heat-treatment practice at the plant of the Mono- 
Aircraft Co., Moline, Illinois. 


Tempering Changes in Steels. KR. Hay and R. Higgins. (Journal 
of the Royal Technical College, Glasgow, 1929, Vol2; Part L,-Jan., 
pp. 73-80). The study of tempering changes has been extended to 
alloy steels. The tempering of martensitic steels with increasing 
temperature has been found to give property-temperature curves of the 
form represented by the equation: 


Ye = You “, 


where y; isthe property at temperature 7, Yo is the initial property value 
in the martensitic state, and a is a constant. A classification of iron 
alloys has been suggested, based on the thermodynamic equation : 


— AT = RT? (a, — x,)/L, 


where 2, = concentration of solute in the high-temperature phase, and 
== the concentration of the solute in the low-temperature phase, and 
R, T, and L have the usual significance. By this method two classes of 
solute are obtained—namely, those which lower the 3-y transformation 
and raise the y-« transformation, such as silicon, chromium, vanadium, 
molybdenum, tungsten, &c., and those which act in the opposite manner 
by raising the 3-y change and lowering the y-« change, such as carbon, 
nickel, copper, and aluminium. The significance of this method is 
discussed, with special reference to the iron-carbon system, and it is 
pointed out that the eutectoid point is merely the intersection of the 
line SE representing the change in the solubility of iron carbide in 
y-iron with the line representing the depression of the A, point by 


carbon. 


On Some Properties of Quenched Steels. K. Tamaru. (Bulletin of 
the Institute of Physical and Chemical Research, 1928, Vol. 7, Oct., 
pp. 1028-2034). (In Japanese.) The magnetisation of cementite in 
different forms was measured, and it was found that the magnitude of 
the A, transformation of pearlite cementite was greater than that of 
globular cementite. A 0-9 per cent. carbon steel was quenched in 
water and tempered at 392° C. for various periods. If the time of tem- 
pering was short the separated cementite was fine, but its size increased 
with the time of tempering. The A, transformation was found to be 
large when the cementite particle was fine, and became small when the 
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latter grew. When a quenched high-carbon steel was tempered at a 
gradually increasing temperature two maxima of magnetisation were 
observable at 120° C. and 300° to 350° C. These are considered to be 
the same phenomenon, and to correspond to the decomposition of 
martensite and the growth of minute cementite particles. The former 
results in the formation of ferrite and cementite and hence increases 
magnetisation. The growth of cementite particles decreases magnetisa- 
tion. Carbon steels (0-9 per cent. C) were quenched and tempered, the 
temperature and the time of tempering being varied. The effect of 
tempering is shown to be complete in 15 min. at a temperature 
above 200°; quenched steels contracted up to 200°, then expanded to 
260°, and again contracted above 260°. The first contraction corre- 
sponds to the decomposition of « to 8 martensite ; the expansion to 
the decomposition of austenite to 8 through « martensite; the last 
contraction corresponds to the transformation of ® martensite to 
troostite. 


Effect of Quenching and Tempering on the Hardness and Impact 
Resistance of a High-Chromium-Silicon Steel. F. T. Sisco. (Transac- 
tions of the American Society for Steel Treating, 1928, Vol. 14, Dec., 
pp. 859-865). The author gives the results of an investigation of 
quenching and tempering temperatures on an alloy steel containing 
1-2 per cent. carbon, 1-2 per cent. silicon, and 18 per cent. chromium. 
The best quenching temperature was found to be 1800° to 1850° F. The 
steel retains its hardness at all temperatures below 1000° F. The Izod 


impact values are low and are but little affected by varying the tempering 
temperature. 


Austenite Decomposition and Length Changes in Steel. HE. C. Bain 
and W.8. N. Waring. (Transactions of the American Society for Steel 
Treating, 1929, Vol. 15, Jan., pp. 69-95). This paper, which is pre- 
liminary in character, discusses the continuous change in axial length 
of a number of steel cylinders occurring during quenching at various 
tates. The two steels studied were an oil-hardening die steel and a 
stainless steel. The equipment used for recording the length changes 1s 
described, and suggestions for its improvement are put forward. The 
changes in length of steel rods accompanying tempering and at liquid air 
temperatures are also presented. All these data, together with some 
magnetic measurements on the same steels, are considered from the 
viewpoint of their evidence regarding the behaviour of austenite during 
decomposition. The possibilities of the influence of quenching stresses 
on the proportion of martensite and austenite are discussed in particular. 
It is suggested that the method employed in measuring length-changes 
during quenching may be used in a practical way to evaluate the 
quenching efficiency of various quenching media. The curve of length- 
change plotted against time during quenching in a known medium gives 
some fundamental notion of the nature of the steel. 
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The Change of Specific Gravity of Cold-Worked Iron and Steel by 
Tempering. K. Tamaru. (Bulletin of the Institute of Physical and 
Chemical Research, Tokyo, 1929, Vol. 8, Mar., pp. 187-196). (In 
Japanese.) The temperature of strain-release for iron and steel was 
determined from the change in specific gravity, and was found to be 400° 
for all the specimens treated. Armco iron showed a maximum of 
density at 150° C. and a minimum at 400° C. The values of the maxt- 
mum and the minimum decreased with the carbon content of the steel, 
disappearing finally at 0-2 per cent. of carbon. When a strained 
specimen is tempered at a low temperature, a minute increase in grain- 
size takes place, and hence the specific gravity increases to yield a 
maximum. If the tempering temperature is raised still higher, the 
interior of the grain separates into a series of thin layers, and increases 
the total surface of the grain, thus yielding a minimum density. 


The Influence of Heat Treatment at Below A, on the Properties of 
Commercial Iron and Steel. W. Koster. (Archiv fiir das Hisen- 
hiittenwesen, 1929, Vol. 2, Feb., pp. 503-522). Heat treatment of 
ordinary steel at temperatures below A, has a marked influence on the 
properties. When a low-carbon steel is quenched from successively 
increased temperatures below the range at which the austenite breaks 
up, the elastic limit, the yield point, and the hardness are raised, while 
the elongation, contraction, bending number, resistance to torsion, the 
Erichsen drawing depth, the specific gravity, the electric conductivity, 
and speed of solution in acids are diminished. The changes in these 
properties begin to manifest themselves at 300° to 500° C. according to 
their sensitiveness to heat treatment, and the degree of variation rises 
rapidly with the quenching temperature. On quenching a steel in 
process of cooling down from different temperatures the same values 
are obtained as on quenching a steel that is being heated up. Thus the 
changes in the properties of a steel quenched from a point below A, are 
due to an equilibrium displacement within the steel. The capacity of 
a steel to improve with heat treatment below A, increases rapidly as 
the carbon rises to 0-6 per cent., but falls off as rapidly for a further 
increase in the carbon up to 0-9 per cent. The same condition affects 
the increase in the coercive force of a steel quenched after annealing at 
250°. 


Influence of Heat Treatment on the Quality of Tungsten Steel. 
W. Zieter. (Stahl und Eisen, 1929, Vol. 49, Apr. 18, pp. 521-526). 
For tungsten steels in general there are definite critical temperature 
ranges within which under sufficiently prolonged heating a separation 
out of tungsten carbide takes place, thus lowering the quality of the 
steel. Only in the case of tungsten steels with very low carbon, which 
anyhow are not of great utility on account of their low hardness, is 
there no separation of tungsten carbide. The formation of this carbide 
has no great influence, provided the tungsten and carbon contents are 
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correspondingly high, so that there may always remain the necessary 
amount of carbon in solution to produce a good hardening effect. The 
critical temperature range changes according to the chemical composi- 
tion and must be determined for every group of alloy steels. In any case 
the tungsten steels should never be allowed to remain long within the 
critical range, and slow cooling from that range should be carefully 
avoided. A small addition of chromium, as is often used, is strongly to 
be recommended, since it makes the steel very much less susceptible to 
wrong heat treatment. 


The Use of Temperature Gradients in Metallographic Studies. 0. 
Tesche. (Zeitschrift fiir technische Physik, 1928, No. 10, pp. 419-422). 
By heating one end of a bar and keeping the other end cool, the author 
caused a temperature gradient to be set up in the bar; the specimen 
was quenched and examined microscopically. The structural changes 
where the temperature gradient passed through change points were 
clearly shown. 


Heat Treatment and Testing of High-Speed Steel Tools. I. Rapatz. 
(Stahl und Hisen, 1929, Vol. 49, Feb. 21, pp. 250-255). The most 
suitable heat treatment and structure for twist drills, cutters, and 
reamers are discussed, and results of tests with such tools are reported. 
The steels chosen for the experiments were : a chromium-cobalt steel 
containing carbon 1-5, chromium 12, and cobalt 2 per cent.; and a 
tungsten-vanadium steel, with tungsten 18 and vanadium 1-5 per 
cent. The most suitable microstructure for such tools is the same as 
that found suitable in lathe tools, and it is obtained by hardening at 
1280° to 1320° C. and annealing at 550° to 600° C. At such high harden- 
ing temperatures it is difficult to prevent fusion of the cutting edges or 
surface decarburisation. A barium chloride bath does not prevent this, 
but a borax salt bath can be used with satisfaction, though borax has 
the disadvantage that it attacks the lining and electrodes of the bath more 
strongly. The tool should cool to 150° before annealing, and in order to 
allow time for the austenite to change to martensite the annealing period 
should be 15 min. to 2 hr., according to the composition and size of the 
piece. The hardness is tested either with the file, the Rockwell hard- 
ness testing machine, or by microscopic examination. Electric 
resistance methods can be used, but only with advantage in the case of 
mass production. 


A New Method for Heat-Treating High-Speed Steel. H. C. Knerr. 
(Transactions of the American Society for Steel Treating, 1929, 
Vol. 15, Mar., pp. 429-450). In the method described a high-frequency 
induction furnace is used. The chief features include close temperature 
control, the use of a salt bath which does not give off fumes or attack the 
tools, prolonged container life, absence of furnace deterioration, com- 
fortable working conditions, low heating cost per pound of steel, and 
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the ability to employ full hardening temperatures (in the neighbourhood 
of 2400° I.) without injury to finished surfaces or cutting edges of high- 
speed steel tools. 


Heating High-Speed Steel to 2400° F. in Molten Lead. W. C. Searle. 
(Transactions of the American Society for Steel Treating, 1928, Vol. 14, 
Dec., pp. 927-931). The author describes the apparatus and method 
of heating high-speed steel to 2300° to 2400° F. in molten lead. Photo- 
micrographs show the structure obtained in specimens at 2200°, 2300°, 
and 2400° F. 


Some Modern Methods of Hardening Steel. A. R. Page. (Drop- 
Forger, 1929, Vol. 9, May, pp. 16-32). The Wild-Barfield and the 
‘hump ” methods of hardening are described, and particulars are given 
of their operating costs. 


The Quenching of Steel by Means of the Wild-Barfield Electro- 
Magnetic Furnace. (Génie Civil, 1929, Vol. 94, Apr. 6, pp. 336-338). 
The basic principle on which the Wild-Barfield furnace works is 
explained, the furnace is described, and the advantages obtained in 
the material quenched after heating in it are enumerated. 


The Quenching of Steel. P. J. Haler. (Hngineering, 1929, Vol. 127, 
Jan. 4, pp. 25-26). The author discusses the question of the abstraction 
of heat from a highly heated body as it occurs in the quenching of steel 
in a liquid. He deals with the rate at which the steel is plunged into 
the quenching medium, and the influence of this factor on the disturb- 
ance and displacement of the envelope of steam by which the body is 
surrounded. He records experiments on the change of dimension of 
bodies of various shapes when plunged in different ways. 


Quenching and Work-Hardening. L. Grenet. (Aciers Spéciaux, 
1928, Vol. 3, Dec., pp. 293-299). The mechanisms of hardening by 
quenching and of work-hardening are discussed and compared. 


Surface Cooling of Steels in Quenching. H. J. French, G. 5S. Cook, 
and T. E. Hall. (Transactions of the American Society for Steel 
Treating, 1929, Vol. 15, Feb., pp. 217-288). The authors have made a 
study of the surface cooling of steel spheres when quenched in water, 
sodium hydroxide solutions, oils, or cooled in air. The characteristics 
of the cooling curves are described, and the effects of some of the 
variables encountered in commercial heat treatment upon the cooling of 
steel bodies are discussed. These variables include mass, oxidation, and 
smoothness of the surface, relation of the character of the surface to the 
coolant, manner of circulation of the coolant, and gases formed by or 
released from the coolant. Centre and surface cooling curves obtained 
for pressure spray quenching with water are correlated with the tensile 
and impact properties obtained in low-carbon steels, ingot iron, and 


7152 THE IRON AND STEEL INDUSTRIES. 


wrought iron. Comparisons are also made between experimental cool- 
ing curves and cooling curves derived from two different sets of 
assumptions. 


The Use of Mineral Oils in the Heat Treatment of Steels. L. Roy. 
(Aciers Spéciaux, 1929, Vol. 4, Feb., pp. 75-77). The first of a series of 
articles dealing with the use of oils for quenching and tempering. In 
the present instalment characteristics of oils are enumerated. 


Short Account of the Production of the First Batch of Sorbite Rails 
on the Commercial Scale at the Nadeshdinsk Works. N. V. Kolokoloff, 
(Journal of the Russian Metallurgical Society, 1928, No. 3, pp. 107-118). 
(In Russian.) 


Method of Sorbitisation of Rails used at Nadeshdinsk Iron and Steel 
Works, Ural. N.N. Shadrin. (Journal of the Russian Metallurgical 
Society, 1929, No. 1, pp. 83-95). (In Russian.) 


The Annealing of Cast Iron. H.H. Beeny. (Paper read before the 
Institute of British Foundrymen, Mar. 14, 1929: Foundry Trade 
Journal, 1929, Vol. 40, Mar. 28, pp. 229-231; Apr..4, pp. 251-253). 
The author describes the results of an investigation of the influence of 
annealing on cast iron. At annealing temperatures immediately below 
800° C. the pearlitic carbide is unstable and its destruction is merely a 
matter of time, but is the more rapid the higher the silicon in the iron. 
Massive carbide as found in chilled metal requires a temperature of 
approximately 850° C. to break it down completely in a 2- or 3-hr. 
period. In general, the pearlitic carbon is stable at a temperature of 
over approximately 800° C., and complete annealing cannot, therefore, 
be accomplished in this range of temperature alone. The statement 
must be qualified, in that the higher the silicon the less is the combined 
carbon retained, until with a silicon of 3-0 per cent. it becomes almost 
completely unstable. In medium and low silicon irons reheating 
above 800° C. will re-form a proportion of the carbide, the amount of 
carbide remaining stable or re-formed increases with temperature from 
800° up to at least 950° C. The decomposition of carbide is rapid in 
the range below 800° C., so that the amount of carbide in the cold metal 
depends upon the rate of cooling through this range. Thus cooling in 
air blast retains considerably more carbide than cooling in still air. 
Pearlitic carbon has a definitely beneficial action on the transverse and 
tensile strength of cast iron. The machinability is increased by loss of 
combined carbon. To obtain maximum machinability, castings should 
first be annealed at 850° C. to remove possible chill and equalise the 
combined carbon in all parts, and then (actually or by very slow cooling) 
be maintained below 800° C. to remove all combined carbon. This 
gives the minimum Brinell hardness. When all the combined carbon 
has been removed by full annealing it is found that the Brinell hardness 
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increases proportionately with the silicon content. The Brinell hard- 
ness increases with the combined carbon in any one metal, but the 
hardening action of silicon is so marked that the Brinell hardness gives 
no idea of the combined carbon, irrespective of grade of metal, nor does 
it give the slightest indication of tensile or transverse strength. 


Service Annealing of Sling and Crane Chains. W. J. Merten. 
(Transactions of the American Society for Steel Treating, 1929, Vol. 15, 
Feb., pp. 193-216). The author discusses the inconsistent results in tests 
for ductility and strength that are ordinarily obtained when chains are 
annealed at temperatures unsuited for links that have been severely 
deformed and cold-worked in service. A uniform recrystallisation at 
temperatures considerably above the transformation range is recom- 
mended to render the chain entirely safe for further service without 
resorting to a reduction of the safety load, and basing the calculation of 
permissible stresses on the average cross-sectional dimensions only. 


Technological Study of the Bright Annealing of Steel in the Electric 
Furnace. A. Pomp and L. Walther. (Mitteilungen aus dem Kaiser- 
Wilhelm-Institut fiir Eisenforschung, 1929, Vol. 11, pp. 15-30). The 
construction and operation of a 25-kw. electric bright annealing furnace 
in the Kaiser-Wilhelm-Institut is described. No decarburisation of 
steel occurred up to 700° C. when hydrogen was used as the protecting 
gas. On the other hand, when town gas was used partial decarburisa- 
tion began at 600°C. By annealing in the electric furnace, the proper- 
ties of deep-drawing strip steel were improved in comparison with those 
of material treated in a coal-fired pot annealing furnace, owing to the 
better control over the heat distribution, the temperature, and the dura- 
tion of annealing; decarburisation by the use of hydrogen as the 
protecting gas only occurred when the carbon content of the material 
was not too low. Tests showed that the hydrogen-filled electric furnace 
was suitable for recrystallisation anneals. Transformer and dynamo 
sheets annealed in hydrogen gave better watt-loss values than sheets 
annealed in a continuous furnace. In preparing cold-rolled dynamo 
band steel, critical deformation and annealing, the coarsest possible 
grain-size, and uniform structure are factors leading to the most satis- 
factory watt-loss values. 


Vacuum-Annealing of Metals. L. Guillet and A. Roux. (Revue de 
Métallurgie, Mémoires, 1929, Vol. 26, Jan., pp. 1-11). The authors 


- describe their apparatus used for annealing specimens im vacuo, and 


tabulate their results obtained in investigating the occluded gases 
which were liberated by the vacuum anneal. 


The Pickling and Annealing of Tubes. (Réhrenindustrie, 1929, 
Vol. 22, Jan. 17, pp. 21-22). The theory and practice of the pickling 
and annealing of tubes is discussed, 
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WELDING. 


Autogenous and Electric Welding in Steel and Iron Foundries. 
H. Neese. (Giesserei Zeitung, 1929, Vol. 26, Apr. 15, pp. 209-216). 


Metallic Electrodes for Cast-Iron Arc Welding. S. Satoh. (American 
Institute of Mining and Metallurgical Engineers, 1929, Technical 
Publication No. 162). Various mixtures of graphite and carborundum 
were coated on wrought-iron bars, and a series of cast irons, from grey 
to white, was deposited by using the coated bars as electrodes. Chemical 
analyses, hardness tests, and microscopic examinations of the deposits 
were made, and three kinds of electrodes were selected as suitable for 
grey cast-iron welding. The optimum quantities of the coating for 
the bars were determined, and tests were made of the effect on welding 
of adding calcined borax, calcium carbonate, and barium carbonate to 
the coating mixtures and also by changing the polarity. It was 
found that the fusion of the electrode could be retarded by adding 
barium carbonate to the coating that cover the electrode and by con- 
necting this electrode to the negative pole of the generator. 


New Applications of the Electric Welding Process. J. Sauer. 
(Rohrenindustrie, 1928, Vol. 21, Dec. 20, pp. 514-515). 


The Applications of Electric Are Welding. M. Lebrun. (Arts et 
Métiers, 1929, Vol. 82, Mar., pp. 87-102; Apr., pp. 140-148). The 
author gives examples of the application of electric welding to the 
building of various structures. 


Welding Costs are Reduced by Use of Larger Electrodes. C. J. 
Bowers. (Iron Trade Review, 1928, Vol. 83, Dec. 20, pp. 1564-1565). 
The author presents the results of time studies made to determine the 
value of the use of larger welding electrodes. The use of larger electrodes 
has been materially retarded owing to the fact that many machines are 
in operation whose maximum amperage capacity will not permit the use 
of the larger electrodes. The savings which can be efiected by the 
use of larger-sized welding wire will help considerably to pay for the 
installation of welding machines of larger capacity. 


Control of Welds by Magnetic Patterns. A. Roux. (Comptes 
Rendus, 1927, Vol. 185, Oct. 24, pp. 859-861). The poles of an electro- 
magnet are applied to one side of the steel test-pieces, symmetrically 
with regard to the line of the weld ; the current is switched on to the 
magnet, and iron filings are dusted on to a sheet of paper laid on the 
other side of the specimens. If the weld is sound, the pattern made 
by the filings (“magnetic pattern”) is normal; any discontinuity 
within the metal at right angles to the magnetic field is indicated by an 
accumulation of filings perpendicular to the regular lines of the pattern. 
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Automatic Arc Welding Machines. I’. Niethammer. (Zeitschrift 
des Vereines deutscher Ingenieure, 1929, Vol. 73, Feb. 16, pp. 209-219). 
A large variety of automatic arc welding machines are described and 
illustrated. The author considers that these machines, as substitutes 
for riveting in mass production, represent a great advance. 


Electricity Applied to Welding of Metals. A. N. Otis and W. L. 
Warner. (Paper read before the Western Metals Congress, 1929: 
Heat Treating and Forging, 1929, Vol. 15, Mar., pp. 326-327). 


Automatic Welding of Rolled Steel Plates and Sections. A. N. Otis 
and W. L. Warner. (Rolling-Mill Journal, 1929, Vol. 3, Apr., pp. 171— 
173). 


Electric Welding in Iron Structures. 8. Bryla. (Zeitschrift des 
Oesterreichischer Ingenieur- und Architekten-Vereines, 1928, Vol. 80, 
Sept. 21, pp. 328-333). 


All-Welded Petrol Storage Tanks. (Hngineer, 1928, Vol. 146, Dec. 21, 

p. 696). The construction of eleven petrol storage tanks by the Com- 

monwealth Oil Refinery Co. of Australia is described. The bottoms 

were erected complete on the ground before the structures of the tanks 

were begun. Six wedge-shaped wooden frames, long enough to accom- 
modate the width of two plates and spaced about 10 ft. apart, were 

built. These frames allowed access to the joints from underneath ; 

after welding they were pulled aside, and the plates fell into position on 

the sand. 


Mass Production Welding Operation. J. W. Meadowcroft. (Paper 
read before the American Welding Society, Oct. 9, 1929: Iron Age, 
1928, Vol. 122, Nov. 8, pp. 1154-1156). The author discusses the 
welding of automobile parts, pointing out the extended use of spot- 
and flash-welding machines. 


Autogenous Welding with Town Gas. A. Miiller and B. Bibus. 
(Gas- und Wasserfach, 1928, Vol. 71, June 9, pp. 566-569). To deter- 
mine whether town gas was economical in use for welding, the following 
characteristics of a number of gases were examined : The flame tempera- 
ture, the available calorific power, the velocity on leaving the burner, 
the ratio of the fuel gas to the oxygen supply, and the chemical action. 
Tt was concluded that town gas could completely replace hydrogen, - 
but acetylene only in part, for welding and cutting purposes, and could 
bé profitably employed for certain other purposes, such as preheating 
work. 


The Construction of Pipe Lines and Gas Welding. (Réhrenindustrie, 
1929, Vol. 22, Jan. 3, p.7). The advantages of gas welding in making 
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the joints of long pipe lines are discussed ; various methods of making 
the joints are illustrated. The application of gas welding to the 
manufacture of tubular objects, such as superheaters, &c., is also dealt 
with. 


Oxy-Acetylene Welding by Machine. J. L. Anderson. (Paper read 
before the International Acetylene Association, Dec. 15, 1928: Tron 
Age, 1929, Vol. 123, Feb. 28, pp. 591-595). The author reviews recent 
developments in the design of oxy-acetylene welding machines. Mechan- 
ical welding is now used successfully on steel plate up to 3 in. thick. 
With torches consuming 3-3 cu. ft. of oxygen and 3-2 cu. ft. of acetylene 
a minute plain butt welds can be made in }-in. steel plate at the rate of 
24 in. a minute, and in 2-in. plate at 11 in. a minute. In the welding of 
heavy sheet metal the best results may be obtained by using two blow- 
pipes, one below and the other above the plate. In good practice more 
than half the heat is generated by the lower torch. On 14 gauge and 
thinner sheets satisfactory joints are made with the flame on the upper 
surface of the seam only. 


Fabricates Welded Steel Railroad Ties on Production Basis. H. R. 
Simonds. (Iron Trade Review, 1929, Vol. 84, Mar. 28, pp. 843-845). 
Particulars are given of the apparatus and methods employed by the 
Delaware and Hudson Railroad for the manufacture of welded railroad 
ties. The automatic are welding machine used has a capacity of 
70 ties a day. 


Allowable Stresses in Welded Structures. $8. W. Miller. (Paper read 
before the American Welding Society, 1928: Heat Treating and Forg- 
ing, 1928, Vol. 14, Dec., pp. 1402-1404, 1431; Iron Trade Review, 
1929, Vol. 84, Feb. 14, pp. 464-466). The maximum working 
stresses permissible in welded work are discussed. Kinzel’s formula, 


ae eae 
S= a5 V/ ip 
where S is the permissible working fibre stress, 7 the ultimate tensile 


strength, and # the percentage elongation as determined by a bend 
test, 1s explained. 


Brazing in an Atmosphere of Hydrogen. B. 8. Havens. (Heat 
Treating and Forging, 1929, Vol. 15, Mar., pp. 349-350). <A brief 
description of a gas-filled electric brazing furnace and of the automatic 
charging and discharging gear. The gas is a mixture of hydrogen and 
nitrogen. 


Latest Investigations of Welds by X-Rays. A. Herr. (Zeitschrift 
des Vereines deutscher Ingenieure, 1928, Vol. 72, Nov. 17, pp. 1671- 
1678), 
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Tests on Full-Size Pipe Joints. (Iron Age, 1929, Vol. 123, Feb. 7, 
pp. 407-408). The results are published of tests on welded joints 
in full-size prpes. Both low-carbon lap-welded pipe and seamless steel 
pipe were used in sizes from 4 to 16 in. diam. Four types of joints were 
tested—namely, butt-welded, commonly used for oil transport lines, and 
three variations of the socket joint which have been specified on power- 
house work. Dimensions of the welds tested are shown. The welding 
rod used was a mild steel containing enough silicon and manganese to 
be self-fluxing. The results show the butt weld to be the strongest. 


MISCELLANEOUS PRODUCTS. 


The Manufacture of Iron and Steel Tubes. J. Mitchell. (Journal 
of the West of Scotland Iron and Steel Institute, 1929, Vol. 36, Jan., 
pp. 48-55). An outline is given of the manufacture of both welded 
and weldless tubes. 


Tubes in Steam-Turbine Construction. (Réhrenindustrie, 1928, 
Vol. 21, Dec. 6, pp. 499-501). The various parts of steam-turbines, for 
the construction of which tubes are used, are enumerated, and some of 
the properties required in the materials of which the tubes are con- 
structed are mentioned. 


Chain Steel Requires Special Qualities. J. KR. Miller. (Iron Age, 
1929, Vol. 123, May 2, p. 1205). An outline is given of American 
practice in the manufacture of welded steel chain. Basic open-hearth 
steel is preferred to Bessemer steel owing to the tendency of the latter 
to cold-shortness. The chemical composition of the steel 1s : Carbon 
0-09, phosphorus 0-025, manganese 0-32 to 0-45, and sulphur 0-045 
per cent. After forming and shearing, the individual links are brought 
up to welding heat and welded by quick hammer-blows, sometimes 
under a flat die and sometimes a shaped die. The finished chain is 


normalised at about 1650° F. 


The Manufacture of Riveted Drums for Large Boilers. (Engineering, 
1928, Vol. 126, Dec. 7, pp. 722-724). Drop-Link Chain Grate Stoker. 
(Ibid., 1928, Vol. 126, Dec. 28, p. 825). A Visit to the Renfrew Works of 
Babcock and Wilcox. (Engineer, 1928, Vol. 146, Dec. 7, pp. 628-6380, 
632). Plant for the manufacture of boilers and of chain-grate stokers 
is illustrated and described. 


Alloy Steels Assume Important Réle in Manufacture of Airplanes. 
E. Joyce. (Iron Trade Review, 1928, Vol. 83, Dec. 13, pp. 1491-1493, 
1495). Alloy steel is used principally in the form of thin-walled tubing. 
The use of chrome-molybdenum steel is rapidly increasing in airplane 


758 THE TRON AND STEEL INDUSTRIES. 


construction, and the steel used in America contains carbon 0:25 to 
0:35, chrome 0:80 to 1-10, molybdenum 0-15 to 0-25 per cent. Most 
of this steel is purchased in the normalised condition in the form of thin- 
walled tubing, and is welded directly into structural units either by the 
oxy-acetylene or electric arc methods without further heat treatment. 
Another steel of importance is a 3-5 per cent. nickel alloy, which is used 
largely in the production of heat-treated members requiring high 
strength and good ductility, such as bolts and pins. Another class of 
alloys which have distinct possibilities for aircraft construction com- 
prises the so-called stainless irons and stainless steels. 


Steel Sleepers. (Hngineer, 1928, Vol. 146, Dec. 14, p. 666). A 
drawing shows the design of the Sandberg steel sleeper, which the 
Southern Railway has adopted for use on their system. ‘The sleeper is 
in one piece of compressed steel 55, in. thick, strengthened by a rib in 
the centre along the whole length. On the underside, at 2.4, in. on each 
side of the centre line, it is further strengthened by two ribs 7% in. to 
2 in. thick. To obtain the necessary length for the inner and outer 
jaws, which are pressed upwards, the metal forming them is “ joggle ” 
cut. The inner jaw embodies the upper strengthening rib up to its 
top ; the outer jaw consists only, at the top, of the main portion of the 
thickness of the main plate. The outer jaw is shaped at such an angle 
that when the wooden key—which differs in form from the ordinary 
key—is driven in, the rail and base plate are tightened on to the sleeper. 
Thus the inner, or gauge, jaw is the stronger, and even if the keys are 
driven excessively it is the outer jaw that springs whilst the inner 
maintains the correct gauge. The base plate is also of pressed steel, 
and so shaped on the upper side as to give the inclination of 1 in 20 to 
the rail. 


The Saw. C. Frémont. (Bulletin de la Société d’ Encouragement 
pour l’Industrie Nationale, 1928, Vol. 127, July-Aug.—Sept., pp. 643- 
720). The author devotes a considerable amount of space to a history 
of the development of the saw from the earliest times. He then dis- 
cusses the saw marks made on the cut surfaces of the article sawn ; he 
describes a hand-saw fitted with a dynamometer and the results of his 
experiments made to determine the work done during sawing, and the 
effects on it caused by changes of the conditions of operation. He then 
deals with the blade of the saw, and with various matters affecting it. 


Drill Bits Faced with Hard Metals. (Iron Age, 1929, Vol. 123, 
Apr. 18, pp. 1065-1066). The use of stellite and tungsten carbides for — 
facing drilling tools is discussed. 


Metallurgical Problems of Transmission Gears. E. F. Davis, 
(Transactions of the American Society for Steel Treating, 1928, Vol. 14, 
Dec., pp. 831-858). The author deals chiefly with the metallurgical 
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phases in the production of gears, and reviews the contributing factors 
toward the success or failure of the final product. A brief description is 
given of the modern installations used in the gear industry, and the 
advantages and disadvantages of different methods of heat-treating 
gears are pointed out. 


PICKLING. 


The Influence of Pickling Operations on the Properties of Steel. 
H. Sutton. (Paper read before the Iron and Steel Institute, May 
1929: this Journal, p. 179). 


Sheet Pickling Machines. W. Kramer. (Stahl und Hisen, 1928, 
Vol. 48, Nov. 8, pp. 1570-1577). A discussion of various methods of 
carrying out the pickling process, with illustrated descriptions of tanks 
and machinery for dipping and jigging the cages containing the sheets. 
The removal of the vapours, washing and drying the sheets, and 
neutralisation of the waste liquors are also discussed. An abridged 
translation of this paper appears in Iron and Coal Trades Review, 1928, 
Vol. 117, Dec. 14, pp. 865-866 ; Dec. 21, p. 906. 


Investigations into the Pickling of Low-Carbon Steel Sheets. 

P. Bardenheuer and G. Thanheiser. (Mitteilungen aus dem Kaiser- 
Wilhelm-Institut fiir Hisenforschung, 1928, Vol. 10, pp. 322-342). The 
results of microscopic investigations of pickling blisters are described, 
and support is found for the opinion that they are due to accumulations 
of hydrogen in the material. The influence of the strength of the sheet, 
pickling temperature, nature and concentration of the acid, and addition 
of Vogel’s pickling agent on the diffusion of the hydrogen were investi- 
ated. With rising temperature the amounts of hydrogen generated 
and diffused increased, but the ratio of the latter to the former decreased. 
At higher temperatures the addition agent lost some of its protective 
power. The diffused and liberated hydrogen increased with the con- 
centration of the sulphuric acid up to 70 grm. H,SO, per litre, and 
then fell off, the ratio of the diffused hydrogen to that liberated decreas- 
ing allthrough. In hydrochloric acid the amount of hydrogen evolved 
snereased with the concentration, but the diffused hydrogen decreased. 
The greatest tendency towards the formation of pickling blisters was 
found in materials containing segregations or blowholes ; for this 
reason sheets from the head of an ingot were more susceptible than 
others from the bottom. High rolling temperature is a partial cure 
for this trouble ; material which is prone to develop blisters should 
be pickled under conditions permitting the minimum diffusion of 
hydrogen—namely, by using more concentrated acids, preferably hydro- 
chloric acid, by applying heat, and by adding a protecting agent. 
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Pickling Sheets with Sulphuric Acid before Galvanising. H. Bablik. 
(Iron and Coal Trades Review, 1928, Vol. 117, Nov. 16, pp. 732-733). 
The advantages of sulphuric acid as compared with hydrochloric acid 
for the pickling of sheets are discussed. The chief advantage from a 
chemical point of view in the use of sulphuric acid for pickling in 
galvanising is that there is a much smaller consumption of the acid ; 
where the consumption of hydrochloric acid amounts to 10 per cent. 
of the weight of the material pickled, a consumption of from 3 to 4 per 
cent. of sulphuric acid is to be expected. There is also a great gain in 
the pickling time, and with sulphuric acid it is possible to pickle at a 
much higher temperature than with hydrochloric acid. Someimportant 
factors to be observed in the use of sulphuric acid are dealt with. 


COATING OF METALS. 
(For Corrosion of Metals, see p. 813.) 


Degasifying Process Facilitates Thick Impervious Plating. F. M. 
Dorsey. (Iron Trade Review, 1929, Vol. 84, Apr. 11, pp. 987-989 ; 
May 2, pp. 1182-1185). The author describes the commercial develop- 
ment of a process for the degasification of metals and their subsequent 
plating for the production of a protective metal film. 


Measurements of Hydrogen Ion Concentration in Plating Baths. 
R. H. Brewer and G. H. Montillon. (Paper read before the American 
Electrochemical Society, May 1929). 


Electrolytic Deposits of Metals. J. Roudnick. (Revue Universelle 
des Mines, 1928, Vol. 20, Dec. 1, pp. 237-243). The conclusion of a 
previous article (see Journ. I. and §.1., 1928, No. II. p. 877). In the 
present instalment the author discusses the technique of chromium 
plating under the headings: Preparation of articles; mounting ; 
immersion in the bath; length of stay in the bath; finishing; and 
removal of gas. A note is appended in which solutions suitable for 
removing defective coatings from various bare metals are described; a 
useful table of defects, their cause and correction, is also added. 


Mechanical Applications of Chromium Plating. W. Blum. (Mechan- 
ical Engineering, 1928, Vol. 50, Dec., pp. 927-930). After giving 
particulars of the physical properties of chromium (hardness, thermal 
expansion, density, melting point, electrical conductivity, adherence) 
the author discusses the uses to which chromium plating has been put on 
account of its resistance to wear : gauges and other measuring devices; 
various kinds of dies ; rolls for forming metals ; cutting tools for metal ; 
bearing surfaces, &c. He shows the double saving obtained due to 
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longer life of the tools and parts and to the reduced stoppage of machines 
for their replacement. 


A Survey of the Published Information on Chromium Plating. G. EH. 
Gardam. (Paper read before the Electroplaters’ and Depositors’ 
Technical Society : abstract, Metallurgist, 1929, May, pp. 75-76) 


A Study of Chromium Plating. R. Schneidewind. (University of 
Michigan, Engineering Research, 1928, Bulletin No. 10; Iron Age, 
1929, Vol. 123, Mar. 7, pp. 670-672). A non-technical account is elven 
of electro-deposited chromium and the commercial methods for its 
preparation. 


Chrome Plating Progress Continues. W. M. Phillips and M. F. 
Macaulay. (Paper read before the Society of Automotive Engineers, 
Jan. 1929: Iron Age, 1929, Vol. 123, Jan. 24, pp. 269-271). Recent 
advancements in chromium plating practice are discussed. Tempera- 
ture and current density conditions are important factors in obtaining 
a bright plate. Considerable experimental work indicates that the type 
of steel best suited as an anode is one of low carbon content fully 
annealed. Alloy steels such as silicon and chromium steels are soluble 
and therefore are not so satisfactory. 


Theory of the Electrolytic Deposition of Chromium from Aqueous 
Solutions of Chromic Acid. H. Gernet and V. Schischkin. (Zeitschrift 
fiir Elektrochemie, 1928, Vol. 34, Feb., pp. 57-62). 


The Bent Cathode Test for Determining the Optimum Ratio of 
Chromic Acid to Sulphate in Chromium-Plating Baths. W. L. Pinner 
and K. M. Baker. (Paper read before the American Electrochemical 
Society, May 1929). The control of the ratio of chromic acid to sul- 
phate is most important in the operation of chromium-plating baths. 
A rapid method of determining the proper quantity of either sulphuric 
acid or chromic acid, as the case may be, to be added to a bath to 
produce maximum throwing power is described, This method does not 
require a quantitative analysis of the solution of sulphate. The 
method was used to study the effect of chromic acid concentration on 
the permissible range of ratio of chromic acid to sulphate. The effects 
on permissible sulphate ratio of trivalent chromium and also of iron in 
a 2-5 molar chromic acid bath were also studied. Some qualitative 
observations on throwing power are reported. 


The Electroplating of Cadmium from Cyanide Baths. L. R. 
Westbrook. (Paper read before the American Electrochemical Society, 
May 1929). The cyanide bath for commercial cadmium plating ig 
discussed in detail from the standpoint of bath composition, including 
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the effects of variations in the concentrations of the different con- 
stituents on the electrical properties of the bath, such as cathode 
efficiency, conductivity, throwing power, electrode polarisation, anode 
corrosion and operating range of cathode current densities for satis- 
factory deposits. The efiects of the presence of small amounts of other 
metals in the bath are considered, especially the marked improvement 
in the physical characteristics of the deposit resulting from the presence 
of a few hundredths of 1 per cent. of nickel, or larger amounts of 
cobalt or copper in the bath. The organic addition agents which func- 
tion best with these baths are listed, and formule for typical baths are 
given. 


Electro-Deposition of Cadmium for Rust Prevention. 5S. Wernick. 
(Paper read before the Electroplaters’ and Depositors’ Technical 
Society : abstract, Metallurgist, 1929, Mar., pp. 36-38). 


Cadmium Plating. G.de Lattre. (Revue de Métallurgie, Mémoires, 
1928, Vol. 25, Nov., pp. 630-636: abstract, Metallurgist, 1929, Mar., 
pp. 41-42). 


The New Methods of Nickel Plating at the Renault Motor-Car Works 
(Aciers Spéciaux, 1929, Vol. 4, Feb., pp. 78-82). 


The Penetration of Hydrogen into Metal Cathodes and its Effect upon 
the Tensile Properties of Metals and their Resistance to Repeated Stresses ; 
with a Note on the Effect of Non-Electrolytic Baths and Nickel Plating 
on these Properties. F.C. Lea. (Proceedings of the Royal Society, 
1929, (A), Vol. 123, pp. 171-185). The experiments described include 
static tensile and single-blow impact tests, repeated stress experiments 
in torsion and under direct stress, of specimens in acid and alkali baths, 
both with and without a current flowing, and also some tests on nickel- 
plated specimens. The materials tested were a mild steel (C 0-14, 
Mn 0-68, $1 0-19, 8 0-04, and P 0-045 per cent.), the same metal 
nickel-plated, commercially pure nickel (over 99 per cent.), 70:30 brass, 
and rustless steel with about 26 per cent. of nickel and chromium. The 
results show that hydrogen penetrates the crystal boundaries of mild 
steel, nickel, and alloys rich in nickel and chromium, but the penetration 
does not affect the tensile strength or resistance to repeated stress ; 
it affects, however, the elongation of the mild steel, but does not 
diminish the resistance of Izod mild steel specimens to single blows. 
Nickel plating has no effect on the tensile strength of mild steel, but 
considerably reduces the resistance to repeated stresses. Polishing the 
mild steel either prevents the hydrogen penetration between the crystals 
or modifies its action, but acid corrosion affects the surface considerably 
and accordingly reduces the resistance to torsional stresses. A caustic 


solution, with or without the presence of hydrogen, protects the specimen, _ 


and the fatigue range is raised. 
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European Hot Sheet Galvanising. H. Bablik. (Iron Age, 1929, 
Vol. 123, Mar. 21, pp. 811-812). Acids Used in Galvanising Work. 
(Ibid., Mar. 28, pp. 879-880). Two articles describing the galvanising of 
sheets as carried out in Central Europe. The sheets are pickled in a 
highly concentrated hydrochloric acid pickling bath, after which they 
are washed in water and dipped in a highly concentrated warm solution 
of zinc chloride, which covers the sheets with a layer of zinc chloride. 
The sheets are then dried and dipped into the zine bath, where they 
remain as short a time as possible. The zinc bath contains an addition 
of aluminium. Sheets thus galvanised are ready without the necessity 
of artificial cooling. The zinc chloride solution provides far better 
adhesion of the zinc than when a flux is used. The pickling action of 
highly concentrated hydrochloric acid is explained in the second article. 


Principles of Combustion as Applied to the Galvanising Furnace. 
W. G. Imhoff. (Fuels and Furnaces, 1929, Vol. 7, Mar., pp. 407-411). 
The first of a series of articles in which the author sets forth the basic 
principles of combustion as applied to galvanising furnaces. 


What is Dross in Galvanising Pots. W. G. Imhoff. (Iron Age, 
1929, Vol. 123, Feb. 21, pp. 536-538). The author discusses the 
various sources of dross production in galvanising, and methods for its 
limitation. The importance of using large pickling tanks to reduce the 
amount of dross is shown. 


The Electro-Galvanising of Wire and Strip. A.C.J.Charlier. (Metal 
Industry, 1928, Vol. 33, Dec. 14, pp. 557-558). 


White Spots on Zinc Coatings. W.G. Imhoff. (Iron Trade Review, 
1929, Vol. 84, May 2, pp. 1179-1181). The author discusses the causes 
of the occurrence of white spots on zinc coatings, and means for their 
prevention. The various causes are summarised as follows : (1) quality 
of the zinc in the pot; (2) too high a temperature of the zine bath ; 
(3) too long a submersion time; (4) the gauge of the steel base being 
too light for the heat carried; (5) the withdrawal speed too fast; 
(6) low quality, hard, oxidised steel; (7) shortage of aluminium in 


the bath. 


Durability and Defects in Galvanised Fittings and Tubes. I. 
Schreiber. (Rohrenindustrie, 1929, Vol. 22, May 23, pp. 163-164). 
The durability of zinc coatings, and defects which occur in them and 
the remedies, are discussed. 


Studies on Sherardising. M. Kuroda. (Bulletin of the Institute 
of Physical and Chemical Research, Tokyo, 1929, Vol. 8, Jan., pp. 12- 
18). (In Japanese.) The influences of time and temperature upon 
sherardising were studied. When sherardising is carried out statically 
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the oxidation is harmless, either to the powder or to the product. 
The layer of powder becomes cindery only to a depth of a few mm., 
beyond which the oxidation does not proceed further, the product 
having a brilliant silvery lustre. It is considered best to apply heat 
at a temperature between 370° and 380° during 30 min. The tensile 
strength, elongation, hardness, and toughness are not greatly affected 
by this heating. 


Has Tinplate a New Competitor? ©. L. Mantell. (Iron Age, 
1928, Vol. 122, Dec. 20, pp. 1555-1556). Investigations have been 
carried out in Germany on the use of aluminium-plate as a substitute 
for tinplate, with a result that drawn aluminium-plate was found to 
be well suited for food containers and, compared with tinplate, was 
very slightly attacked by the foodstuffs. Several plants for the 
production of aluminium-coated sheets are contemplated in Germany. 
Sheet steel coated with aluminium by a mechanical sweating or welding 
method has been produced previously. The aluminium layer is 
relatively thick, and material of this kind has shown high resistance 
to accelerated corrosion tests. Success in hot dipping of iron in 
aluminium is attained with difficulty and only after special preparation 
of the surface of the iron. Much of the difficulty is to be attributed to 
the tightly adhering film of aluminium oxide, which forms very rapidly, 
as well as to the occurrence of a large amount of iron-aluminium 
compounds. When iron is coated with aluminium, either by hot dipping 
or by mechanical rolling methods, there is a rapid alloying action 


between the two metals. This usually results in a very brittle layer 


adjacent to the steel or iron base. The uses to which such material 
could be put would be limited to those which do not involve bending 
or any other form of severe deformation. 


Control of Temperature is Factor in Applying Lead Coating. W. G. 
Imhoff. (Iron Trade Review, 1928, Vol. 83, Dec. 20, pp. 1558-1559). 
A brief discussion of some of the points to be observed in the lead 
coating of iron and steel products. Tests have shown that it is im- 
practicable to work with a bath of pure molten lead, owing to the diffi- 
culty of securing a uniform coating. By adding about 9 per cent. of tin 
to the bath the metal becomes more fluid and thinner and turns a lighter 
colour. A thoroughly saturated solution of zine chloride with a small 
amount of fresh ammonium chloride is used as a flux. The tempera- 
ture of the bath is held at about 650° F. The work is withdrawn from 
the bath at a speed which will allow all excess metal to drain off, and 
after the coating is set is cooled in water. If allowed to cool in air 
before dipping in water the lead becomes spongy, and oxidation sets 
in and spoils the coating. 


Sprayed Metal Coatings. G. Kutscher. (Paper read before the 
Technical Trades Conference, Leipzig : Réhrenindustrie, 1929, Vol. 22, 
May 23, pp. 166-167). 


a 
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Protective Paints. A. H. D. Markwick. (Institution of Civil 
Engineers, 1928: Selected Engineering Paper No. 59). Develop- 
ments in paint technology are discussed. <A portion of the paper 
deals with the corrosion and protection of iron and steel. 


The Protection of Stocks of Iron Against Rust. D. I. Schott. 
(Gliickauf, 1929, Vol. 65, Mar. 2, pp. 307-308). The author comments 
on the large amount of waste that must occur, particularly in large 
works, owing to the rusting of bars, rods, screws, &c., which must 
be either reconditioned before use or scrapped. He describes his 
experiences with the protection of small parts required for a mine rail- 
way. By storing them under boiled water covered with a layer of 
oil rusting was prevented ; when the parts were required, the water 
was drawn off from the bottom of the containing vessels, so that as 
the level sank the parts became coated with the oil, which protected 
them until they were built into their places in the structure. This 
was found to answer better than coating with tar. 


Protection of Underground Pipe from Corrosion. EH. O. Slater. 
(Industrial and Engineering Chemistry, 1929, Vol. 21, Jan., pp. 19-21). 
The author deals with the use of protective coatings for pipes. The 
types of coatings available for underground pipes are enumerated ; a 
method used in California is described. This consists of a paint, or 
a combination of a paint and a reinforcing cotton wrapper ; or a paint, 
a wrapper, and a hot bitumen. One product successfully used consists 
of specially processed native bitumens from Trinidad and elsewhere. 
The priming coat made by the proper blending of the bitumens and 
dissolved in a suitable volatile thinner is applied by hand brushing, 
and put on immediately after sand-blasting the pipe. This coat is 
followed by another made of the same base materials but blended to 
a consistency of molasses. After drying for about one day a second 

coat is applied. Where greater thickness of the coating is desired the 
above treatment is followed by a spiral wrap of impregnated reinforcing 
cotton, and covered with one or two coats of the heavy coating. When 
more protection is needed a second wrapping and extra coats are 


applied. 


Economies Feature Enamelling Plant. R. A. Fiske. (Iron Age, 
1929, Vol. 123, Jan. 10, pp. 135-139). An illustrated account is given 
of the layout and equipment of the new enamelling plant recently 
constructed by the George D. Roper Corporation, Rockford, Illinois. 
The heat reclaimed from the enamel burning furnaces is used for the 
enamel driers. A tile heat reclaimer is built into each gas-heated 
burning furnace, and heated air is distributed by an overhead duct 


system. 


Well-Designed Enamelling Plant. (Iron Age, 1929, Vol. 123, 
Apr. 11, pp. 1016-1018). The equipment of the new plant of the Toledo 
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Porcelain Enamel Products Co., Toledo, Ohio, for the enamelling of 
castings, is described and illustrated. The castings are enamelled in 
a series of spray booths arranged in a straight line. 


How Enamel is Applied to Castings in Pennsylvania Plant. J. B. 
Nealey. (Iron Trade Review, 1929, Vol. 84, Mar. 14, pp. 707—708). 
An outline is given of the practice adopted at an American plant for 
. the enamelling of castings. 


Cast Iron Suitable for Enamelling. A. Miiller. (Giesserei Zeitung, 
1929, Vol. 26, Mar. 15, pp. 158-160). The author discusses the influence 
of the impurities in cast iron on its ability to be enamelled. He gives 
practical notes on charging the furnace and melting the metal, and 
indicates the composition of an iron that will enamel well. 


On a New Method for Testing the Opacity of Protective Coatings 
Against Corrosion. J. Cournot. (Revue de Métallurgie, Mémoires, 
1929, Vol. 26, Feb., pp. 76-77). The method is intended for testing 
the porosity of coatings on steel or copper. Filter paper is impregnated 
with ferricyanide and alkali chlorides; it is very gently but rapidly 
moistened with water and laid on the surface to be tested. After 
about 3 min., prussian blue stains show where porosity has occurred. 
The paper may be washed in water to remove the excess of ferricyanide ; 
the stains remain. The process is useful for examining electro-deposits. 
In the case of deposits of chromium or nickel on copper-plated steel, 
if the perforation extends through only the top layer the stain is brown 
(due to copper ferrocyanide), but if the perforation penetrates both 
deposits the colour is blue, the brown of the copper compound being 
masked. The method is not so sharp with zinc and cadmium coatings, 
as the colour of their ferrocyanides (white and yellow respectively) 
tends to cloak the intensity of the colour cf the iron or copper. Tin 
foil and aluminium foil intended for wrapping foodstuffs can be tested 
for porosity by laying a sheet on a thoroughly clean and polished steel 
plate and applying the test paper. 


( 167 ) 


PHYSICAL AND CHEMICAL PROPERTIES. 


PROPERTIES AND TESTS OF CAST IRON. 


Design of Engineering Castings in Relation to Tests. J. G. Pearce. 
(Paper read before the Institute of British Foundrymen, Dec. 1, 1928: 
Foundry Trade Journal, 1929, Vol. 40, Jan. 24, pp. 67-71). Within the 
grey range of cast iron there is a continuous increase in strength as the 
cast section diminishes, for tensile, compressive, torsion, and transverse 
tests. The nature of the curve of change depends upon composition 
and other factors. When the results obtained from the transverse 
test are properly interpreted by working out transverse rupture stresses, 
there is a relationship between tensile and transverse tests. For 
separately cast round bars the ratio may be taken as 1-8 to 2 for 
transverse compression 
——-— .and as 4 for —_—. 

tensile tensile 
be used with caution until the tests are standardised. The change 
in strength with section can conveniently be followed by testing in 
transverse bars of different diameters from the same melt. If a series 
of size-strength curves are prepared for different mixtures, it becomes 
possible to chart the connection between strength and those elements 
of composition which usually vary as between different mixtures in 
the same foundry. 


Ratios between other tests should 


The Influence of Span on Transverse Rupture Stress. J. G. Pearce. 
(Bulletin of the British Cast Iron Research Association, 1929, No. 23, 
pp. 97-98). The transverse rupture stress of cast iron is affected not 
only by composition and diameter, but by span, and hence in order to 
obtain strictly comparative results between bars of one size and bars 
of another size of the same material, obviously the span should be 
constant. The main consideration for fixing the span in the transverse 
test is usually that of deflection, the span chosen being such as will 
yield a readable deflection of, say, not less than one-tenth of an inch. 
This is the case in B.E.S8.A. specification 321, in which the specified 
deflections all lie between 0-10 in. and 0-15 in. To get this, the 
centres for the 0-875-in. bar were chosen as 12 in., whereas for the 
remaining two bars (1-2 and 2-2 in.) the distance between centres is 
18 in. The considerations outlined by the author suggest the desira- 
bility of adopting 18 in. as standard and of bringing the small bar 
into line with the remaining two bars so that transverse rupture 
stresses obtained on the three sizes in the same iron would be affected 
by no other variable. In testing long bars it will be evident that the 
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weight of the bar forms a greater fraction of the breaking load than is 
the case with a short bar. The author, however, has not found the 
weight even of the heaviest bars an appreciable proportion of the 
difference shown above, which is to be attributed to the span and 
not to the additional weight or the slower rate of cooling of long as 
compared with short bars. 


The Shear Test not a Satisfactory Test for Cast Iron. W. Jolley. 
(Foundry Trade Journal, 1929, Vol. 40, Apr. 4, pp. 247-248; Apr. 1], 
pp. 273-276). The author reports the results of a series of tests carried 
out to determine the reliability of the shear test for cast iron. He 
concludes that the tensile test, which is a test of the structure of the 
metal, has been considerably misrepresented. There is no doubt that 
satisfactory and uniform results can be obtained when the tests are 
carefully conducted. The present shear test methods do not appear 
shane results of different investigators 
tensile 
vary considerably, which indicates the unreliability of this test, and to 
suggest this as a standard test for cast iron would result in utter con- 
fusion in so far as figures put forward from the shear test to represent 
the tensile test cannot be fully agreed upon. The method of obtaining 
the test-pieces gives a surface that would not be satisfactory for con- 
sulting engineers; also to calculate the results from a trepanned 
test-piece 0-005 in. out of round would not be advantageous to the 
metal, as the size would be taken at the largest diameter. Unless 
satisfactory testing apparatus and test-pieces—machined true to size— 
are used, it appears that it is impossible to avoid a bending strain 
during testing, which would give false results. No regular relation 
has been found to exist between shear and transverse tests, but 
apparently the transverse test is universally accepted as one of the 
standard tests for cast iron. The tensile test in conjunction with the 
transverse deflection and hardness tests appears to be the most satis- 
factory method of determining the quality and structure of cast iron 
used for the manufacture of general castings. A small test-piece, 
0-22 in. in diam., as suggested for the shear test, is out of all propor- 
tion for representing the quality of the metal, &c., in castings. The 
paper is followed by a contribution to the study of shear testing by 
J. Shaw. 


to give uniform results ; also the 


Investigation of the Relationship between the Resistance to Com- 
pression and the Bend Strength of Cast Iron. 8S. Nadasan. (Die 
Giesserei, 1928, Vol. 15, Dec. 14, pp. 1251-1253). The author has 
developed a formula connecting the compressive strength and the bend 
strength of high-manganese cast irons. By means of a frequency curve 
he shows its practical applicability. He has, further, shown that a 


manganese content up to over 6 per cent. has no influence on the 
strength of cast iron, 
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Fatigue Tests of Cast Iron. W. R. Needham. (Iron and Steel 
Industry, 1929, Vol. 2, Jan., pp. 101-102). 


Properties of Cast Iron of Interest to the Metallurgist, Founder, and 
Engineer. (American Foundrymen’s Association, Apr. 1929). A list 
has been prepared by a sub-committee of the Grey Iron Committee 
of the American Foundrymen’s Association classifying the different 
properties of cast iron. The properties are grouped under three 
headings. The causative properties are considered to be chemical 
composition and physical constitution, Under formative properties 
are listed all those properties which influence the production of a sound 
casting, and which affect the condition of the metal in the finished 
state. In the third group are included those properties peculiarly 
of interest to the engineer. 


Research Problems in the Grey Iron Foundry. J. W. Bolton. 
(Transactions of the American Foundrymen’s Association, 1928, 
Vol. 36, pp. 469-512). Grey irons may be classified into 40 or more 
groups according to their silicon and carbon contents. The irons 
within these groups may be subdivided further according to their 
cooling rates. The difficulties of obtaining exact data on absolute 

volume 

surface area 
relative cooling rate. Several examples are cited which show that 
it may be possible to determine some of the properties of castings by 
means of properly chosen test-bars, yet it is necessary that the limita- 
tions of the tests be understood and their interpretation be carefully 
made. A portion of the paper is devoted to a discussion of several 
test methods. The value and limitations of the tensile test are 
enumerated, and recent methods of conducting shear and uniformity 
tests are explained. The balance of the paper is given to a discussion 
of the properties of various groups of iron. The use of the sum per 
cent. carbon +.0-30 per cent. silicon is advocated for indicating the 
cumulative effect of these elements on some of the mechanical properties 
of bars. 


cooling rates are pointed out. The ratio is used to define 


Heat Treatment and Properties of Cast Iron. P. Schoenmaker. 
(Blast-Furnace and Steel Plant, 1929, Vol. 17, Feb., pp. 283-286 ; 
Heat Treating and Forging, 1929, Vol. 15, Jan., pp. 170-173). The 
author describes the effects of the control of the initial melting tempera- 
ture and of subsequent heat treatment upon the properties and structure 
of cast iron. 


The Use of Cast Iron for Structural and Other Purposes. 0. Bauer. 
(Mitteilungen der deutschen Materialpriifungsanstalten, 1929, Sonder- 
heft V., pp. 1-11). rn 

1929—i. 3D 
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Cast Iron for Automobile Engines. H. C. Jay. (Foundry Trade 
Journal, 1929, Vol. 40, Mar. 14, p. 204). A brief discussion of the 
composition and properties of cast iron used for the production of 
automobile engines. A table is included showing the composition of 
suitable irons as proposed by various authorities. 


Metallurgical Specifications for High-Class Cast Irons. H. J. Young. 
(Metallurgist, 1929, Feb., pp. 28-29). The author discusses the 
variability of cast iron, and points out various fallacies which enter 
frequently into cast-iron specifications ; he suggests points to which 
attention should be directed in order to tighten up the control and 
ensure that reliable material suitable for the intended purpose is 
supplied. 


Eutectic Cast Iron. A. Mitinski. (Paper read before the Paris 
Foundry Congress, 1928: Iron and Steel of Canada, 1929, Vol. 12, 
Feb., pp. 55-56). 


The Present Status of Knowledge of the Machinability of Cast Iron. 
A. Wallichs and K. Krekeler. (Die Giesserei, 1928, Vol. 15, Dec. 28, 
pp. 1289-1292). 


The Theory of Cast Iron. (Giesserei Zeitung, 1929, Vol. 26, Mar. 1, 
pp. 137-140). This article, in German, is based on one by A. B. 
Everest. (See Journ. I. and 8.I., 1928, No. II. p. 384.) 


The Chemical Composition an Insufficient Measure of Quality. 
E. Piwowarsky. (Die Giesserei, 1929, Vol. 16, Apr. 5, pp. 318-321). 
The reasons for the different properties of cast irons of similar chemical 
composition are explained by the work of previous investigators in the 
light of modern knowledge. 


Influence of Carbon and Silicon Variations in Grey Cast Iron. D. G. 
Anderson and G. R. Bessmer. (Transactions of the American Foundry- 
men’s Association, 1928, Vol. 36, pp. 453-460). The authors present 
the results of experiments made to determine the effect of varying the 
carbon content in grey iron while keeping the silicon content constant. 
It is shown that the total carbon content of grey iron of the 2 per cent. 
or higher silicon type may be somewhat reduced without materially 
increasing the amount of combined carbon in the casting. This 
reduction of carbon results in some improvement in the physical 
properties. 


The Mechanical Properties of Deoxidised Cast Iron. P. Bardenheuer 
and K. L. Zeyen. (Die Giesserei, 1928, Vol. 15, Nov. 9, pp. 1124— 
1128). The opinions of various investigators on the effect of oxygen 
on the mechanical properties of cast iron are reviewed. Experiments 
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are recorded, showing that deoxidation of cast iron by ferro-titanium 
raises the graphite content somewhat and, consequently, lowers the 
strength properties. Only in annealed chilled castings did titanium 
increase the elongation. The influence of sulphur on deoxidised cast 
iron is not so marked as on ordinary cast iron; up to 0-27 per cent. 
its ill effects are hardly noticeable. A phosphorus content up to 0-3 per 
cent. has a favourable effect on deoxidised cast iron. 


The Influence of Copper on Cast Iron. (C. Pfannenschmidt. (Die 
Giesserei, 1929, Vol. 16, Feb. 22, pp. 179-182). After a review of the 
literature on the subject, the author describes his own tests made on 
cast iron containing copper to determine the effect of that element 
on the physical properties and on the resistance to very dilute acids. 
The bend strength, tensile strength, and Brinell hardness increased 
with the addition of copper, as did also to a slight extent the amount 
of graphite. The addition of copper reduced the solubility of the 
irons in the dilute acids. 


The Influence of Nickel-Chromium on Cast Iron. A. B. Everest 
and D. Hanson. (Foundry Trade Journal, 1929, Vol. 40, Jan. 3, 
pp. 5-10). This paper forms the final report of the work carried out 
at Birmingham University. Tests were carried out in the laboratory 
and on a practical scale to determine the influence of nickel and 
chromium on a high-grade cylinder iron. Cast iron may in general be 
toughened and hardened either by reducing its silicon content or by 
the addition of a suitable hardening element such as chromium, but 
in both cases an increase in the depth of chill shown by the iron at once 
becomes apparent, and would render any casting made from this iron 
unmachinable, due to hard carbide spots in its structure. Nickel 
eliminates this chill tendency without softening the parts of the casting 
which are already grey. It has been found that with nickel additions 
the grey parts are actually hardened while the thin sections are being 
changed from white to grey. A low-silicon iron possesses a fine grain, 
associated with good strength properties. An alternative method of 
improving the iron has been investigated. To obtain the best effects 
of nickel in cast iron a reduction in the normal silicon content is desirable 
in order to counterbalance the graphitising action of the former element. 
This reduction in silicon is not always a practical proposition; con- 
sequently, to counterbalance the softening effect of the nickel, the 
alternative method of adding chromium was investigated. The results 
_ indicate a slight preference for the nickel-chromium iron as compared 
with the low-silicon iron when mechanical test results are considered. 
Chromium and nickel additions must be suitably balanced if good 
results are to be obtained at will, and it is necessary to determine the 
ratio in which they should be added. The most rational way to make 
comparisons is to fix the chromium-nickel ratio necessary to maintain 
a constant chilling tendency, since this ensures approximately constant 
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machinability. The balanced ratio is not a constant quantity, 
but one that varies somewhat, not only with the base iron and 
foundry practice, but more particularly with the amount of chromium 
added. 


Alloy Cast Irons. A. B. Everest. (Paper read before the Institute 
of British Foundrymen : Foundry Trade Journal, 1929, Vol. 40, Jan. 17, 
pp. 45-48). The general principles governing the choice of an alloying 
element for cast iron are discussed, and the influence of nickel, 
chromium, and aluminium is dealt with. 


Effects of Nickel and Chromium on Cast Iron. D. Hanson. (Metal- 
lurgist, 1929, Mar., pp. 38-40; Apr., pp. 56-60). The effects of alloy 
additions to cast iron are briefly discussed, followed by considerations 
of the following subjects: Effect of nickel in cast iron; comparison 
of the effects of nickel with those of silicon; the effects of nickel 
and silicon when present together; the effect of chromium; com- 
parison of the effects of nickel, silicon, and chromium; practical 
applications. 


The Influence of Nickel on Combined Carbon in Grey Iron. J. R. 
Houston. (Transactions of the American Society for Steel Treating, 
1929, Vol. 15, Jan., pp. 145-157, 169). Photomicrographs are given 
showing the influence of nickel on the combined carbon in cast iron. 


The Growth of Grey Cast Iron, with Reference to the Elements 
Nickel and Chromium. HK. Piwowarsky and W. Freytag. (Die 
Giesserei, 1928, Vol. 15, Nov. 30, pp. 1193-1200). It was established 
experimentally that nickel, contrary to usually accepted ideas, does 
not increase the growth of cast iron. Up to 3 per cent., the effect of 
that element on the graphite form in strongly overheated high-quality 
cast irons was not noticeable ; only at higher contents (5 to 6 per cent.) 
was a coarsening of the graphite recognisable. Jolting was not found 
to effect any diminution of growth. Strongly overheating the molten 
metal (graphite refinement) reduced the tendency towards growth ; 
vacuum-melting (greater density and reduced gas content) decreased 
the growth very much. The volume constancy of cast iron containing 
graphite in the form of temper carbon was found to be greater than 
that of a similar iron containing fine eutectic graphite. Tests made 
with superheated steam (the apparatus is described) showed that the 
volume changes in that medium at 450° C. were very small, but that 
at 550° C. a considerable growth occurred. The effect of the melt- 
ing treatment (graphite refinement) was also observable in these 
tests. 


The Influence of Nickel and Chromium upon the Growth of Grey 
Cast Iron. (Foundry Trade Journal, 1929, Vol. 40, Feb. 28, p. 156). 


PHYSICAL AND GHEMIGAL PROPERTIES. 773 


An abridged translation of the above paper by E. Piwowarsky and 
W. Freytag. 


_ The Growth of Cast Iron. KE. Piwowarsky and H. Esser. (Die 
Giesserei, 1928, Vol. 15, Dec. 21, pp. 1265-1270). A review of the work 
of previous investigators. A bibliography of 41 references is given. 


The Growth of Cast Iron. F. Wiist and O. Leihener. (Mitteilungen 
aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 1928, Vol. 10, 
pp. 265-281). The influence of the chemical composition on the 
growth of cast iron is masked by other factors. It is shown that the 
growth in a neutral atmosphere cannot be explained by the decomposi- 
tion of the cementite alone. The finer the form of the graphite, the 
smaller is the amount of the growth. The material in the middle of 
a casting grows more than does the exterior metal. It is shown that 
the gas content of the cast iron has an important bearing on the growth. 


Constituents and Texture of Cast Irons. J. Seigle. (Revue de 
V’Industrie Minérale, 1928, Nov. 1, pp. 427-442). The constituents 
entering into the composition of cast iron, their influence on the texture 
and mechanical properties, and perlit cast iron are discussed. 


Theories on Graphitisation. H. A. Schwartz. (Paper read before 
the Association Technique de Fonderie de France, Oct. 1928: Foundry, 
1928, Vol. 56, Nov. 1, pp. 871-873; Nov. 15, pp. 918-920). The 
author reviews existing theories on the formation of graphite in cast 
iron. 


The Spatial Form of Graphite. F. Roll. (Die Giesserei, 1928, 
Vol. 15, Dec. 21, pp. 1270-1274). The various forms of graphite 
encountered in cast iron are discussed. The author builds up models 
of the particles of graphite by repeatedly removing very thin slices 
from the surface of the specimen, taking a photograph (or making a 
sketch) of the particles through a microscope after each slice is removed. 


The Thermal Conductivities of Grey Cast Irons. J. W. Donaldson. 
(Proceedings of the Institution of Mechanical Engineers, 1928, No. I1., 
pp. 953-983). The thermal conductivity of grey cast iron varies from 
(0-110 to 0-137 calories per cm.-sec., and decreases as the temperature 
increases. The values obtained for thermal conductivity depend not 
only on composition but also, although to a much smaller extent, on 
structure. The influence of silicon is to lower the conductivity con- 
siderably. Nickel has a similar effect, as have also manganese and 
vanadium, although to a lesser degree. Chromium and tungsten tend 
to raise the thermal conductivity. As regards structure, free ferrite 
appears to be a much better conductor of heat than eutectoid pearlite. 
Heat treatment at 550° C. at first increases the thermal conductivity, 
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due to the pearlite decomposing to form ferrite and graphite, after 
which the oxidation of iron in the vicinity of the graphite flakes causes 
a slight decrease. 


The Thermal Conductivity of Grey Cast Iron. G. Graf. (Giesserei 
Zeitung, 1929, Vol. 26, Jan. 15, pp. 45-46). The following matters 
are dealt -with: The various forms of heat transference; thermal 
conductivities of metals; experimental determination of the thermal 
conductivity of cast iron; influence of accompanying elements and 
hardness ; relation between thermal conductivity and specific gravity ; 
influence of temperature ; radiation value of cast iron. 


Influence of Repeated Heatings and Coolings on the Structure of 
Grey Cast Iron. V. N. Svechnikov. (Journal of the Russian Metal- 
lurgical Society, 1928, No. 3, pp. 93-104). (In Russian.) 


PROPERTIES AND TESTS OF IRON AND STEEL. 


Armco Pure Ingot Iron. EH. L. Dupuy. (Revue de Métallurgie, 
Mémoires, 1928, Vol. 25, Nov., pp. 637-647). The manufacture, 
properties, and uses of Armco iron are reviewed. 


The Application of Science to the Steel Industry. W. H. Hatfield. 
(Transactions of the American Society for Steel Treating, 1929, Vol. 15, 
Mar., pp. 474-502 ; Apr., pp. 652-669 ; May, pp. 817-836 ; June, pp. 986- 
1026). The Edward De Mille Campbell Memorial Lecture presented 
on Oct. 10, 1928. Section J. of the lecture is of an introductory 
character, in which the author alludes to the part played by E. D. 
Campbell in the development of iron and steel metallurgy, and indicates 
a number of metallurgical problems requiring solution. In Section IT. 
British practice in steel manufacture is described. The various methods 
of oxygen determination are reviewed and the defects of each are 
pointed out. Temperature measurements of liquid steel are also dis- 
cussed and the precautions necessary for accurate results are pointed 
out. The chief portion of this section is devoted to the production of 
sound steel, the information given being based on the Reports of the Com- 
mittee on Heterogeneity of Steel Ingots of the Iron and Steel Institute. 
Manipulation and treatment is discussed in Section III., the subject 
being dealt with under the following headings: heating for hot-work ; 
normalising and annealing; hardening and tempering; effects of 
forging on structure and properties; influence of composition and 
temperature on thermal conductivity of steels; specific heat of steels 
as affected by temperature and composition ; specific heat of pure iron 
and effect of composition on specific heat. In Section IV. the properties 
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of special steels are dealt with, Section V. deals with acid and corrosion 
resistant steels, Section VI. with the influence of temperature on the 
properties of steels, and Section VII. with tool steels and cutlery. 


Physical Properties of Ferrous Metals. (Research Group News, 
Jan., 1929; Heat Treating and Forging, 1929, Vol. 15, Mar., pp. 307— 
310; Apr., pp. 442-445). The meaning of the various physical pro- 
perties, and tests for their measurements, are explained. 


Apparatus for Measuring Changes of Cross-Section of Loaded Bars. 
H. Sieglerschmidt. (Messtechnik, 1929, Vol. 5, Jan., pp. 8-13). The 
apparatus works on the principle of the optical lever. The results of 
measurements made on steel rods are recorded. 


The Deformation of Metals, with Special Reference to the Tensile 
Test. ©. H. Desch. (Paper read before the Institution of Engineers 
and Shipbuilders in Scotland, Feb. 26, 1929: Iron and Coal Trades 
Review, 1929, Vol. 118, Mar. 8, p. 361; Mar. 15, p. 391). Plastic 
deformation, information yielded by the tensile test, limit of pro- 
portionality, true elastic limit, determination of yield point, true 
stress, significance of reduction of area, steel hardening in tension, 
failure by shear; reduction as an indication of ductility, the compression 
test, plastic deformation at high temperatures, cold-work, viscous flow, 
and application of load are discussed. 


Tensile Tests of Rods and Wire of the Same Iron. J. Muir. (Journal 
of the Royal Technical College, Glasgow, 1929, Vol. 2, Parte ler. ane 
pp. 5-11). The elastic properties of rods and wires of the same iron 
are compared; and attention is drawn to a large increase observed 
in yield-point extension without any corresponding change in the 
yield-point stress. 


Studies of the Tensile Test on Crystalline Materials. HE. Schiebold 
and G. Richter. (Mitteilungen der deutschen Materialprifungs- 
anstalten, 1929, Sonderheft V., pp. 68-96). 


Proposed New Criteria of Ductility from a New Law Connecting 
the Percentage Elongation with Size of Test-Piece. D. A. Oliver. 
(Proceedings of the Institution of Mechanical Engineers, 1928, No. IL, 
pp. 827-864). The results are given of an investigation carried out to 
determine the law of variation of percentage elongation with size of 
test-piece. 


The Stress-Strain Diagrams of a Heat-Treated Nickel-Chrome Steel. 
A. Robertson and A. J. Newport. (Metallurgist, 1929, Feb., pp. 23- 
26; Mar., pp. 35-36). The results of the determination of the stress- 
strain relationships in compression and in tension in heat-treated 
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nickel-chrome steel tubes are recorded. The composition of the tubes 
used for compression tests was carbon 0-25, nickel 4-1, and chromium 
1-25 per cent., that of the tension test-pieces was approximately the 
same. An optical extensometer was used for the compression tests. 


The Fracture of Notched Tensile Test-Pieces. (Metallurgist, 1928, 
Vol. 4, Dec. 28, pp. 179-180). An abstract, with comments, of an 
article by W. Kuntze (Archiv fiir das Eisenhiittenwesen, 1928, Vol. 2, 
Aug., pp. 109-117: see Journ. I. and 8. I., 1928, No. II. p. 393). 


Concerning the Yield Point in Tension. J. M. Lessells. (Pro- 
ceedings of the American Society for Testing Materials, 1928, Vol. 28, 
Part II., pp. 387-397). The author criticises the methods used in the 
determination of certain tension test values, which methods have been 
suggested by the American Society for Testing Materials for standardisa- 
tion. The paper shows that the “ Johnson limit” may, in certain 
cases, be far removed from the proportional limit and suggests certain 
improvements in the yield-point determination. 


The Physical Significance of the Yield Point. (Metallurgist, 1928, 
Vol. 4, Dec. 28, pp. 186-187). Two articles, one by W. Kuntze and 
G. Sachs (Zeitschrift des Vereines deutscher Ingenieure, 1928, Vol. 72, 
July 21, pp. 1011-1016: see Journ. I. and 8.1, 1928, No. II. p. 391), 
the other by Kiihnel, Mohrmann, and Karth (Ibid., 1928, Vol. 72, 
Sept. 1, pp. 1226-1232: see Journ. I. and 8.I., 1928, No. II. p. 392), 
are abstracted and commented upon. 


Resistance to ‘‘ Long-Time ”’ Test Stresses and other Properties 
of Rail Steel. R.Mailander. (Stahl und Hisen, 1928, Vol. 48, Oct. 18, 
pp. 1477-1479). The melting and refining operations in the manu- 
facture of basic rail steel at the works of the Algoma Steel Company 
and Carnegie Steel Company are described, analyses of the product 
are given, and particulars of the type and dimensions of the ingot 
moulds used are stated. These were of the Gathmann type and the 
ordinary type. ‘Tests were carried out on the finished rails, specimens 
being subjected to tensile, impact, and hardness tests, and particularly 
to an extensive series of endurance tests. The rails from the material 
cast in the Gathmann moulds showed some superiority over those 
from the ingots cast in the ordinary moulds. The heats cast in the 
Gathmann moulds were of killed steel, and unkilled in the ordinary 
mould. 


Hardness Measurements on the Flow Figures of Tensile Test-Pieces. 
M. Moser. (Stahl und Hisen, 1928, Vol. 48, Nov. 15, pp. 1601-1606). 
In the elongated part of a steel tensile test-piece the steel does not flow 
uniformly but in zones. Each zone stretches at first till a certain 
degree of hardness is attained, and then remains nearly stationary 
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with the hardness unaltered while another zone elongates. Only 
when all the zones throughout the length of the test-pieces have been 
elongated does a further uniform increase in hardness set in over the 
whole elongated part. The experiments to determine the changes in 
hardness in the ranges of elongation were made on a steel containing 
0-08 per cent. carbon and 0-01 per cent. silicon. 


Further Studies of the Yield Point. (Metallurgist, 1928, Vol. 4, 
a 28, pp. 191-192). An English abstract of the above paper by 
oser. 


The Long-Time Tensile Test. (Génie Civil, 1929, Vol. 94, Feb. 16, 
pp. 167-169). The long-time testing apparatus used in the laboratories 
of Messrs. Brown, Boverie & Co. is described, and some test results are 
recorded. 


The ‘‘ Creep’? Strength of a High-Nickel High-Chromium Steel, 
between 600° and 800° 0. H. J. Tapsell and J. Remfry. (Department 
of Scientific and Industrial Research, 1929, Engineering Research, 
Special Report No. 15, London: H.M. Stationery Office). The 
material used in this investigation had the following composition : 
Carbon 0-46, silicon 1-20, manganese 1-09, nickel 26-5, chromium 
14-0, tungsten 3-59, sulphur 0-028, and phosphorus 0-026 per cent. 
Short-time tensile tests were carried out on the material as received, 
at air temperature, 500°, 600°, 700°, and 800° C. Each specimen was 
soaked at the required temperature for at least half an hour before 
applying the load, and about 3 to 4 min. were occupied in carrying 
out the test. The results show that the ultimate tensile stress decreased 
from 45-9 tons per sq. in. at 15° C. to 17-2 tons per sq. in. at 800° C. 
Tests at 600°, 700°, and 800° C. were made under prolonged tensile 
stresses. The method of test consisted in applying various loads, 
giving decreasing values of initial stress and determining for each stress 
the time taken for failure to occur, unless the time involved was too 
prolonged. Readings of strain (“creep ” in inches per in. of gauge 
length) were taken at frequent intervals, and curves connecting strain 
and duration of test for all the tests were obtained, and are shown 
graphically for the upper and lower temperature limits. The relations 
between stress and time to fracture at different temperatures are also 
shown, from which the limiting “creep” stresses, or stresses giving 
very long life, have been deduced. Complete results obtained for the 
“creep ” tests are tabulated. The elongations on broken test-pieces 
for any particular temperature varied somewhat. A microscopical 
examination of some of the broken test-pieces showed that inter- 
crystalline cracks developed under test at 800° C., and slightly at 700° C., 
but no cracks could be detected on one of the test-pieces tested at 
600° @. The tendency to fail by intercrystalline cracking probably 
accounts for variations in final elongations.. 
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The Calibration of Pendulum Impact Testers. M. Rudeloff. (Mess- 
technik, 1929, Vol. 5, Feb., pp. 31-38). The author’s design of a 
pendulum impact tester is illustrated and described, and its calibration 
is explained. 


On the Relation between Stress and Strain in the Impact Test. 
R. Yamada. (Science Reports of the Tohoku Imperial University, 
Sendai, 1928, Vol. 17, pp. 1179-1211). The stress-strain curves were 
obtained with a Charpyimpact machine by Kérber and Storps’ method, 
and the results were compared with those of the static test. The 
materials tested were carbon steels containing 0-1, 0-3, and 0-5 per 
cent. of carbon and nickel-chromium steels. At ordinary temperatures 
the maximum force was generally greater in the impact test than in the 
static one. The maximum force generally increased with the velocity 
of deformation. The absorbed energy generally increased with the 
velocity of deformation, and it was also affected by the shape and the 
depth of the notch. When the breadth of the test-piece was altered, 
other dimensions remaining the same, the maximum force increased 
a little more rapidly than would be proportional to the breadth. The 
absorbed energy increased rapidly, not being generally proportional 
to the breadth. When the ratio of the thickness to the breadth was 
comparatively small, this proportion nearly held good. Thus the 
results obtained by M. Moser are shown to be a special case. When 
the cross-sections of the test-pieces were all similar and the shape 
and the depths of the notch remained the same, the maximum force 
and the absorbed energy varied in proportion to the product of the 
breadth and the square of the thickness of the test-piece at the notch. 
The brittleness in steels at low temperatures was also investigated. 
In general, the temperature at which steels become brittle was higher 
in the impact than in the static test. In the impact test, both the 
maximum force and the absorbed energy decreased similarly in the 
brittle range. 


The Effect of the Velocity of Test on Notch Brittleness. J. G. 
Docherty. (Paper read before Section G of the British Association, 
Glasgow, Sept. 11, 1928: Engineering, 1928, Vol. 126, Nov. 9, pp. 597— 
600). The author first summarises previous work and shows the 
considerable difference of opinion which exists concerning the rela- 
tion between slow bend and impact tests, especially for steels. He 
next describes his machine, constructed to determine whether the 
differences between slow bend and impact tests were due, in some 
degree, to the impactive nature of the latter, or whether they were 
due merely to the increased rate of bending. The machine was designed 
to use standard 10-mm. by 10-mm. Izod notched specimens. The 
test-piece was held in a vice in the usual way ; a striker was pushed 
downwards by a hydraulic ram (or other means) at a predetermined 
rate, the slide carrying the striker being fitted with guides and ball- 
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bearings so as to withstand the strains imposed by the bending of the 
specimen without appreciable friction. Autographic records of the 
experiments were taken ; the load applied was measured on a pressure 
gauge connected to a cylinder and plunger placed between the slider 
and the ram or other means employed to operate the testing machine. 
The results of tests on mild steel, nickel steel, and naval brass are 
recorded and discussed. The relation of the Izod results to the slow 
bend results is complex. With mild steel the Izod value lies well 
above any smooth curve that can be drawn through the slow-speed 
results ; with nickel steel the Izod values lie distinctly low, while with 
naval brass the Izod value falls very near the slow-speed curve. The 
cold-work in mild steel “‘ as rolled’ has no appreciable effect on the 
bending tests. Photographs of specimens at various stages of bending 
are shown, and the various features in the autographic curves and 
in the manner of breaking of the test-pieces are discussed. 


Repeated-Blow Impact Tests. R. H. Greaves. (Metallurgist, 
1929, May, pp. 67-68). A brief review of various investigators’ work 
on the repeated-blow impact test. 


Valuation of Materials by Notched-Bar Tests. W. Schwinning. 
(Zeitschrift des Vereines deutscher Ingenieure, 1929, Vol. 73, Mar. 9, 
pp. 321-329; abstract, Metallurgist, 1929, May, pp. 79-80). The 
author deals with the following subjects: Notch-action during 
elastic and plastic deformation ; influence of the type of fracture ; 
the process of fracture in relation to temperature and speed of 
deformation ; influence of the variation of notch-action on the process 
of fracture; and the question of the standardisation of notched-bar 
test-pieces. 


The Notched-Bar Impact Test and Its Development: A Criticism. 
F. Fettweis. (Archiv fiir das Eisenhiittenwesen, 1929, Vol. 2, Apr., 
pp. 625-674). In this lengthy report the author gives a historical 
account of the development of the notched-bar test, and then proceeds 
to describe the methods and apparatus for carrying it out, and discusses 
the questions of deformation, the manner in which rupture is produced, 
the character of the fracture, the law of similarity, the effects of tem- 
perature, speed of impact, form of test-piece ; the dependence of the 
notch-toughness on the structure, heat treatment and chemical com- 
position ; the effect on the results of cold-working, ageing, and temper- 
brittleness ; and the relation of notch-toughness to other properties. 
In conclusion, criticism is directed to the shortcomings of the test as 
a suitable one for judging the qualities of a material, on account of its 
dependence on so many variables. The article concludes with an 
excellent bibliography of the whole subject of notched-bar impact 
testing covering the period from 1885 to date and containing 700 
references to literature. 
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Notch Action in Science and Practice. KH. Seidl. (Mitteilungen 
der deutschen Materialpriifungsanstalten, 1929, Sonderheft V., pp. 122— 
130). 


Notch-Toughness and Static Data. W. Kuntze. (Archiv fiir das 
Hisenhiittenwesen, 1929, Vol. 2, Mar., pp. 583-590). The degree of 
notch-toughness is derived from the joint efiect of the resistance to 
deformation and breaking strength. The resistance to deformation 
increases under dynamic stress and is dependent on the speed of impact 
to which the material is subjected. For the measurement of this 
property no formula has yet been devised. The breaking strength 
varies with the degree of deformation. Graphically the point at which 
the breaking strength curve and the curve of true stresses cut one 
another gives the point at which fracture takes place, and the work 
of impact producing fracture may be calculated from the work diagram. 
From the peculiar form of the breaking strength curve, it can be judged 
that only the slightest change in the specific speed of load application 
is sufficient to produce a quick (brittle) fracture, or a long-drawn-out 
(tough) fracture. 


Influence of the Rolling and Annealing Temperature on the Strength 
Properties and Structure of Cold-Rolled Low-Carbon Steel. A. Pomp 
and §S. Weichert. (Mitteilungen aus dem Kaiser-Wilhelm-Institut 
fiir Eisenforschung, 1928, Vol. 10, pp. 301-316). Band _ steel, 
28 x 2mm., with 0-08 per cent. of carbon, was rolled at room tempera- 
tures and at temperatures of from — 70° to + 500° C., with varying 
amounts of draft. The specimens rolled at room temperature were 
also annealed for 3 hr. between 100° and 900° C. With increasing 
degree of rolling, the tensile strength and hardness increased, while 
the extension and Krichsen value fell. Raising the rolling temperature 
had similar effects, while lowering it below room temperature pro- 
duced opposite results. On annealing the specimens rolled at room 
temperature, distinct recrystallisation was first noticeable at 600° C., 
while the strength properties began to change at much lower tempera- 
tures. - 


The Influence of the Reduction of the Draft and of the Annealing 
Temperature on the Mechanical Properties and Structure of Cold-Rolled 
Thin Sheets. A. Pomp and L. Walther. (Mitteilungen aus dem 
Kaiser-Wilhelm-Institut fiir Hisenforschung, 1929, Vol. 11, pp. 31-35). 
Thin sheets of various gauges were cold-rolled to different thicknesses 
and were then annealed. Annealing for 3 hr. at 920° C. gave the best 


mechanical properties and a uniform structure, irrespective of the — 


degree of deformation. Annealing at 750° C. for 3 hr. gave nearly the 
same results, provided that deterioration in the critical range was 
minimised by a cold deformation exceeding 20 per cent. Annealing 
for 3 hr, at 650° C. was insufficient to remove the cold-work. Tests 
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on other sheets of various gauges reduced about 30 per cent. by cold- 
rolling and annealed at 750° C. showed that the gauge was without 
effect on the deep-drawing properties of the annealed sheet. 


Recrystallisation during Hot-Rolling. W. Tafel, H. Hanemann, and 
A. Schneider. (Stahl und Eisen, 1929, Vol. 49, Jan. 3, pp. 7-12). After 
referring to the work of previous investigators on the question of the 
recrystallisation during deformation of steel in the hot state, experi- 
ments are described which were made with the object of determining 
whether the grain-size following a given amount of hot deformation 
was dependent on the original grain-size. Steel bars were rolled at 
1000° GC. under a pressure producing a 7 per cent. reduction in the 
depth of the bar. The original grain-size of the different bars were : 
1480 v2, 3860 u2, 7340 v2, and 47,800 p?. After rolling, the grain-size 
in all the bars was found to be about 800 2. Other similar bars were 
then rolled at 1000°, under a pressure producing a 14 per cent. reduction 
in the depth of the bar. The original grain-sizes were: 655 w2, 950 v2, 
and 1068 y2, and after rolling, the grain-size of these bars was found 
in all cases to be 850 p2. The conclusion of chief importance is that 
it is the pressure and temperature of the final pass that determines the 
final grain-size, and that this is not affected by the rolling conditions 
in the earlier passes. Further experiments showed that the longi- 
tudinal and transverse axes of the recrystallised grains were equal so 
long as the final pass was made at over 900°. Below that temperature 
the grains were elongated in the direction of rolling. A number of 
space diagrams are given which show clearly the effect on the final 
grain-size of very mild steel (0-03 per cent. carbon) rolled at 
temperatures ranging from 750° to 1200°, and at pressures giving a 
reduction of 4 to 40 per cent. in the depth of the bar. 


The Strength Properties and the Angle of Fracture of Cold-Rolled 
Metals. F. Kérber and H. Hoff. (Mitteilungen aus dem Kaiser- 
Wilhelm-Institut fiir Hisenforschung, 1928, Vol: 10, pp. 175-187). 
The mechanical properties of some non-ferrous metals and of electro- 
lytic iron after various degrees of cold-rolling and in different directions 
in relation to the direction of rolling were investigated ; the fractures 
of the flat test-pieces, and the directions in which they occurred in 
relation to the direction of rolling were studied. 


The Theory of the Formation of the Angle of Fracture. I. Korber 
and E. Siebel. (Mitteilungen aus dem Kaiser-Wilhelm-Institut fir 
Eisenforschung, 1928, Vol. 10, pp. 189-192). A theory of the mechanism 
of deformation during plastic deformation is propounded, according 
to which the deformation proceeds along two equal slip systems inclined 
to each other at an angle dependent on the situation of the mean 
principal stress. The theory satisfactorily explains the occurrence 
of the angle of fracture in flat (strip) test-pieces. 


782 THE IRON AND STEEL INDUSTRIES. 


The Mechanical Properties of Single Metal Crystals and Crystal 
Aggregates. H. C. H. Carpenter. (Proceedings of the South Wales 
Institute of Engineers, 1929, Vol. 44, pp. 541-605). The author 
describes fundamental phenomena and illustrates various aspects of 
the subject to show the relations between the crystal structure of 
metals and their mechanical properties. 


The Mechanical Properties of Materials as shown by Studies on 
Single Crystals. W. P. Davey. (Paper read before the American 
Society of Mechanical Engineers, Dec. 3 to 7, 1928: Mechanical 
Engineering, 1929, Vol. 51, Apr., pp. 280-282). The elastic after- 
effect, the elastic limit, the mechanism of plastic deformation, and 
the strength of materials, are explained on the basis of A. Joffé’s 
experimental work. 


On the Mechanism of Technical Deformation Processes. K. Hiibers. 
(Réhrenindustrie, 1928, Vol. 21, Nov. 8, pp. 453-455; Nov. 22, pp. 473— 
475). The internal changes which occur in metals during deformation 
processes (rolling, compressing, drawing, &c.) are discussed. 


Cold- and Hot-Working of Metals. W. Rosenhain. (Metallurgist, 
1928, Vol. 4, Nov. 30, pp. 168-169). The conclusion of a previous 
article (see Journ. I. and 8.1., 1928, No. II. p. 404). In the present 
instalment the absence of work-hardening at high temperatures, and 
the occurrence of creep within a temperature range in which work- 
hardening and recrystallisation may take place if the time factor be 
sufficient, are discussed. 


Some X-Ray Studies of Cold-Worked Steel. I’. C. Elder. (Paper 
read before the American Iron and Steel Institute, May 1929). The 
author shows the changes that take place in the pinhole type of X-ray 
patterns during the cold-drawing of low-carbon steel. Photographs 
show wire after various degrees of cold-work. Judging from the 
evidence secured, cold-work takes place in two stages. In the first 
stage, in stretching or cold-drawing through a die, the crystals are 
apparently fragmented. This stage extends up to an amount of cold- 
work equivalent to 10 to 20 per cent. reduction in area. The extent of 
this stage depends chiefly on the grain-size, that is, the smaller the 
grain the sooner the appearance of the preferred orientation, which is 
characteristic of the second stage. The persistency of the cold-worked 
structure, even after annealing at fairly high temperatures wires which 
had previously been cold-drawn 80 per cent., is shown, although in 
less severely cold-worked wires evidence of the cold-work is removed 
by comparatively low-temperature annealing, 


The Change of Specific Volume of Steel by Cold-Working. M. 
Oknoff. (Journal of the Russian Metallurgical Society, 1928, No. 1, 
pp. 11-18). (In Russian.) 
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New Investigations Concerning the Theory of the Hardening of 
Steel. EK. Scheel. (Archiv fiir das Hisenhiittenwesen, 1928, Vol. 2, 
Dec., pp. 375-388). A consideration of the conditions necessary to 
produce hardness in steel. The more rapid the cooling by quenching, 
the more complete is the transformation of austenite into martensite. 
This behaviour is accounted for by the fact that the existence of stresses 
is essential for bringing about the transformation. In quenching it 
is heat stresses which come into play. In slow cooling to below 0°, 
the stresses are due to the different heat expansions of austenite and 
martensite. In tempering three stages are observed. The first and 
third stage represent transformations of the martensite, and the second 
a transformation of the austenite. At the third stage there is also the 
possibility of a carbide transformation Various factors which influence 
the hardness of quenched steel are discussed, and it is shown that 
refinement of the grain is responsible for a considerable increase in 
the hardness. It is expected that more light will be thrown on the 
causes of the hardening of steel, when the explanation of the spreading 
of the X-ray lines of martensite has been found. 


The Nature of Hardness and the Hardness of Metals. (Iron and Coal 
Trades Review, 1929, Vol. 118, Mar. 29, pp. 472-473). At a joint 
meeting of the Yorkshire Section of the Society of Chemical Industry 
and the local branch of the Institution of Mechanical Engineers, held 
at Leeds on Mar. 12, 1929, a discussion took place on hardness, in 
which the nature of hardness was dealt with by C. H. Desch and the 
hardness of metals by H. O'Neill. 


Relation between Various Degrees of Hardness of Unhardened 
Carbon Steel. A. Wallichs and H. Schallbroch. (Maschinenbau, 
1929, Vol. 8, Feb. 7, pp. 69-74). Steel containing from 0-1 to 1-0 per 
cent. of carbon was exposed to various hardening tests, and a curve was 
plotted showing the ratio of Brinell hardness to the new hardness co- 
efficient, and corresponding equations are derived. 


Hardness Testing in Mass Production. Schandt. (Zeitschrift des 
Vereines deutscher Ingenieure, 1929, Vol. 73, Apr. 6, p. 471). A brief 
description with a line drawing of a hardness tester designed by G. 
Gerber. The piece to be tested is placed on a table, and is raised by 
a screw till it meets the indentor, which it also raises until a gauge 
reads zero. The steady movement of a lever permits the indenting 
load to press upon the indentor ; the load is removed, and the depth 
of indentation, due to the imposition of the main load, is read off on 
the gauge, which may be marked to show the hardness directly. 


Relation of Nitrogen to Blue Heat Phenomena in Iron, and Disper- 
sion Hardening in the System Iron-Nitrogen. RK. S. Dean, R. 0. Day, 
and J. L. Gregg. (American Institute of Mining and Metallurgical 


784. THE IRON AND STEEL INDUSTRIES. 


Engineers, 1929, Technical Publication No. 193). Inastudy of harden- 
ing by reheating after cold-work, three kinds of iron were used— 
vacuum-melted electrolytic iron, electrolytic iron melted in air, and 
Armco iron. These materials in the form of forged bars, annealed at 
980° C., in vacuum, were reduced 30 per cent. in thickness by cold- 
rolling and then reheated to temperatures varying from 100° to 500° C. 
The vacuum-melted iron showed no hardening, while the air-melted 
iron increased markedly in hardness by reheating to 250° C. The 
Armco iron was intermediate. By melting in air, the electrolytic iron 
had taken up a very considerable amount of impurity, apparently 
nitride. Hardening took place on reheating air-melted iron which 
had been annealed but not cold-worked when a temperature of 350° C. 
was reached ; whereas, in cold-worked material, hardening was pro- 
nounced at 250° C. It was concluded that commercial irons owe their 
property of hardening by reheating after cold-work, as well as their 
increase of tensile strength in the range 100° to 300° C. to the solution 
of small amounts of iron-nitride present. An examination of the iron- 
nitrogen system indicates that it 1s a typical dispersion hardening 
system which shows room-temperature hardening in a marked degree. 


Wear Testing of Various Types of Steels. J. M. Blake. (Pro- 
ceedings of the American Society for Testing Materials, 1928, Vol. 28, 
Part II., pp. 341-355). The paper describes apparatus developed to 
test the resistance of metals to abrasion under so-called “ wet grinding ” 
conditions. In principle, the machine is a very accurately controlled 
grinding machine in which all conditions as to abrasive, pressure, speed, 
time, and moisture or other liquid present are under the control of the 
operator. It is possible to approximate any given set of field require- 
ments. The wear is measured by the amount of metal worn off in 
approximately 15,000 ft. of travel at a speed of 125 ft. per min., using 
a pressure of 50 lb. per sq. in. on a testing face of approximately 3 sq. in., 
and is expressed as the ratio of wear loss as compared with a standard 
(commercially pure iron) taken as 100. By varying the abrasive used, 
it has been possible to develop alloys specifically adapted to particular 
field requirements. 


Frictional Wear Tests on Steels and their Application to the Study 
of Railway Rails. G. Ranque. (Revue de |’Industrie Minérale, 1929, — 
Apr. 15, pp. 284-294). Wear resistance of steel can be determined 
only by direct methods. The Amsler machine, in which the wearing 
properties of the material in the form of discs or rollers is determined, 
is described. The variation of the weight of the rollers is a criterion 
of the wearing properties, but change in diameter is not. Certain 
precautions must, however, be taken, and they are enumerated. The ‘ 
process by which loss of metal occurs during “ rolling,’ with and 
without friction, is explained. As an example of the application of _ 
the test, the results of tests on rails are given. 
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Effect of Condition of Track on Wear of Rails. L. Lubimoff. (Organ 
fiir die Fortschritte des Eisenbahnwesens, 1928, Vol. 83, Oct. 15, 
pp. 438-442). The author presents a report on a series of observations 
made on three main railways in Russia. The effect of condition of 
ballast, ties, slope of rail, and the composition of the rail steel, are 
discussed. 


The Drill Test as an Indication of the Machinability of Metals. 
G. Schlesinger and §. Patkay. (Werkstattstechnik, 1928, Vol. 22, 
Dec. 15, pp. 677-683). 


Grain-Size Controls Toughness. T. W. Hardy. (Iron Age, 1928, 
Vol. 122, Dec. 20, pp. 1557-1562). It is pomted out that many of the 
important physical characteristics of steel, including machinability, 
capacity for hardening and mechanical properties, are definitely affected 
by grain-size in the McQuaid-Ehn test. The carburising test provides 
a simple and positive method of distinguishing between heats of steel 
with the same chemical analysis, yet responding differently in mass 
production. 


Ageing of Boiler Material and its Prevention. F.Nehl. (Zeitschrift 
des Bayerischen Revisions Vereins, 1928, Dec. 15, pp. 315-317 ; Dec. 31, 
pp. 324-325; Stahl und Hisen, 1929, Vol. 49, Apr. 4, pp. 472-474). 
The occurrence of ageing in boilers, especially in those parts which 
may have to work at temperatures approaching blue heat, is highly 
dangerous, and is only to be prevented by the avoidance of any kind 
of cold deformation in the course of manufacture, or by the use of 
materials not susceptible to ageing. It is practically impossible to 
avoid deformation in the cold in boiler manufacture, but by a subsequent 
annealing of the finished parts the cold-working effect which leads to 
ageing can be safely eliminated. Thin-walled tubes can be subjected 
to a similar treatment. This treatment will obviate the use of the 
very expensive non-ageing material for boiler manufacture. 


Mild Steel with Limited Ageing Properties. O. Bauer. (Mitteil- 
ungen der deutschen Materialpriifungsanstalten, 1929, Sonderheft V., 
pp. 12-22). The author first discusses the composition of boiler-plate 
material, and from the analyses of 260 specimens draws “ frequency 
curves’ showing the grouping of the figures for carbon, manganese, 
arsenic, sulphur, and phosphorus about certain values. He then deals 
with the failure of boiler plates through crushing of the material under 
the rivet-heads during riveting, and describes a method for testing the 
susceptibility of the material to this trouble. Test-pieces measuring 
8 X 12 mm. were subjected to pressure under a special die, in such a 
way that one side, over a length of 33 mm., was pressed in 2 mm. ; 
the specimens were then annealed for 2 hr. at various temperatures, 


- their dimensions reduced to 10 X 8 mm. all over, a notch was cut in 
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the compressed part, and a notch test made with a 10 kg.-m. pendulum. 
In the case of test-pieces taken from an old boiler which had failed 
under test after service by splitting along a row of rivet holes, the 
compression alone reduced the impact value to 1-8 kg.-m. per sq. cm. ; 
in the specimens annealed at increasing temperatures the impact value 
decreased at first to a minimum (0-8 to 0-9 kg.-m. per sq. em.) at 250° 
to 300° C., but it then rose again slowly, and at about 600° C. it returned 
sharply to the full value of the original material. Tests on other 
ordinary boiler-plate materials produced comparable curves. Experi- 
ments were also carried out on Krupp’s “ Izett I.” mild steel, which 
has the following composition : 


% % 
Carbon . : 5 Wsils) Sulphur ‘ . 0-015 
Silicon . : a Oo Copper ‘ ROLLS: 
Manganese . . 0:58 Arsenic - . 0-035 
Phosphorus . - 0-012 


That metal had been reported by other workers to undergo no ageing, 
but the new tests proved that it did in fact age; the decrease in the 
notch toughness and the temperature interval of the danger (low 
impact value) range were not so large as was the case with ordinary 
boiler steels. Tests on ‘‘ A.-S.”’ mild steel (made by the Press- und 
Walzwerk A.G., Reisholz) revealed properties superior to those of 
ordinary mild steel plate, but inferior to those of “ Izett I.”’ steel. 


Brittleness in Mild Steel. G. R. Bolsover. (Paper read before the 
Iron and Steel Institute, May 1929: this Journal, p. 473). 


The Oxidation of Iron and Steel at High Temperatures. L. B. Pfeil. 
(Paper read before the Iron and Steel Institute, May 1929 : this Journal, 
p. 501). 


Strength of Low-Carbon Steels at High Temperatures. R. G. 
Batson. (Hngineer, 1928, Vol. 146, Dec. 28, pp. 707-709). Five 
samples of steel—a normalised bar, a bar cold-drawn and annealed at 
650° C. for 6 hr., a superheater tube, a galvanised water-tube, and a 
tube nearest to the boiler fire—with carbon ranging from 0-10 to 
0-17 per cent., were investigated. Preliminary tensile tests at air 
temperatures were followed by short-time tensile tests on the bars at 
from 500° to 700° C. Finally, creep tests on the bar materials at 
different loads and various elevated temperatures, and comparative 
creep tests on the bar and tube materials, were carried out. At the 
higher temperatures oxidation was troublesome, but this was avoided 
by nickel-plating the specimens—a treatment which did not affect the 
rate of creep. The strain-duration curves of the bar materials showed 
three periods: (i) An initial strain on loading followed by a rapid 
diminution of the rate of strain with time (due to “ strain-hardening ’’) ; 
(i) a period of fairly steady strain in which the creep was approximately 
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constant ; and (ili) a final rapid increase of the rate of strain until 
fracture ensued. The comparative creep tests showed that the more 
detailed results obtained on the bar materials were representative of 
the tubes. The form of the stress-duration curves is briefly discussed. 


Springs for Service at High Temperatures. J. R. Fritze, R. J. Sutton, 
and F. R. Porter. (Heat Treating and Forging, 1929, Vol. 15, Mar., 
pp. 301-302, 310). A search was made for a suitable steel to make 
springs operating at temperatures up to 600° F. Finally a high-speed 
steel was decided on; the composition was: Carbon 0-65, manganese 
0-40, sulphur max. 0-04, phosphorus max. 0-04, silicon max. 0-30, 
chromium 3:5 to 4-25, vanadium 0-9 to 1-25, and tungsten 17 to 
18-5 percent. The special heat treatment necessary for this material is 
described. It was found that the Rockwell or scleroscope hardness 
tests alone were insufficient check to guard against “ soft” springs, 
and a special deflexion test, equivalent to approximately 200 per cent. 
of a normal deflexion, was devised. 


Recent Mechanical Tests on Steel at Higher Temperatures. A. Pomp. 
(Jernkontorets Annaler, 1928, Vol. 111, pp. 44-66). A review of the 
work of different investigators on the mechanical properties of steel 
up to 1000° C. 


The Stability of Metals at Elevated Temperatures. ©. L. Clark 
and A. E. White. (Transactions of the American Society for Steel 
Treating, 1929, Vol. 15, Apr., pp. 670-714: see Journ. I. and S.L, 
1928, No. II. p. 399). 


Cellular Structure and Hardness of Steel at High Temperatures. 
S. V. Belynsky. (Journal of the Russian Metallurgical Society, 1928, 
No. 3, pp. 137-146). (In Russian.) 


Introduction to the Study of the Mechanical Properties of Metals 
as a Function of Temperature. J. Galibourg. (Mémoires de la Société 
des Ingénieurs Civils de France, 1928, Vol. 81, Nov.—Dec., pp. 1273- 
1295). 


The Elastic Limit of Steel at High Temperatures. I. Korber. 
(Stahl und Hisen, 1929, Vol. 49, Feb. 28, pp. 273-277). 


Some Mechanical Properties of Cast Steel at High Temperatures. 
(Metallurgist, 1929, Mar., p. 43). A brief abstract of a paper by Koérber 
and Pomp (see Journ. I. and §.I., 1928, No. II. p. 401). 


The Mechanical Properties at High Temperatures of Drawn Steel 
Wire, in Relation to the Degree of Drawing, the Temperature of 
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Drawing, and the Carbon Content. A. Pomp and W. Knackstedt. 
(Stahl und Hisen, 1928, Vol. 48, Dec. 6, pp. 1705-1712: see Journ. I. 
and §8.1., 1928, No. II. p. 400). 


Increasing the Endurance of Steel Parts (of Machines) by Pressing the 
Surface (Work-Hardening). O.Féppl. (Stahlund Hisen, 1929, Vol. 49, 
Apr. 25, pp. 575-577). The author shows that the endurance of steel 
parts, such as crankshafts, may be increased by compression of the 
surfaces rather than by polishing. High polishing is practised in the 
belief that thereby the risk of incipient cracks is minimised, but to 
compress the surface by a process of reeling has a greater effect in 
prolonging the resistance of a steel shaft to the effect of torsional and 
bending vibratory stresses. Long-time alternating stress tests were 
carried out on compressed and uncompressed crankshafts, and in most 
cases the compressed material withstood more than double the number 
of stress reversals than the uncompressed. Tables show the com- 
parative results. 


A High-Speed Endurance Testing Machine for Leaf Springs. J. 
Bradley. (Engineering, 1929, Vol. 127, Jan. 11, pp. 36-37). The 
machine described, which is intended for testing single plates from 
leaf springs, was built by the National Physical Laboratory in order 
to carry out researches on the properties of laminated springs on behalf 
of the Springs Research Committee of the Department of Scientific 
and Industrial Research. 


Fatigue Testing Machines. W. Deutsch and G. Fiek. (Zeitschrift 
des Vereines deutscher Ingenieure, 1928, Vol. 72, Dec. 1, pp. 1760- 
1764). Various machines for making fatigue tests are illustrated and 
described ; the stressing of the test-pieces is brought about by impact 
and vibration applied to tensile, compressive, combined tensile- 
compressive, bending, and torsional tests. 


The Principles of the Theory of the Strength of Materials. M. 
Ensslin. (Zeitschrift des Vereines deutscher Ingenieure, 1928, Vol. 72, 
Nov. 10, pp. 1625-1634). The author summarises modern ideas on 
fatigue, and discusses the significance of the limit of proportionality, 
the elastic limit, and the yield point. 


Elastic Limit and Yield Stress. (Metallurgist, 1929, Vol. 5, Jan., 
pp. 12-13). An abstract of the above paper. 


Fatigue Fracture and the Permissible Load on Roller Bearings. 
R. Mundt. (Zeitschrift des Vereines deutscher Ingenieure, 1929, 
Vol. 73, Jan. 12, pp. 53-59). The failure of roller bearings through 
fatigue is discussed, and the calculation of the maximum load per- 
missible is carried out. The calculation applies only to static loading. 
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Elastic Failure and Fatigue Failure of Metals. H. I. Moore. (Paper 
read before the American Association for the Advancement of Science 
(Section M, Engineering), Dec. 28, 1928: Mechanical Engineering, 
1929, Vol. 51, Apr., pp. 290-294). The author gives a number of 
examples of elastic and of fatigue failure, indicates the essential 
differences between the two types of failure, and stresses their import- 
ance in structural and machine design. 


Determination of Endurance Limits. (Metallurgist, 1928, Vol. 4, 
Dec. 28, pp. 187-189). An abstract of an article by J. Geller (Archiv 
fiir das Hisenhiittenwesen, 1928, Vol. 2, Oct., pp. 257-260: see Journ. 
Wand §.1.. 1928. No. If p..398)- 


The Relative Safeties of Mild and High-Tensile Alloyed Steels under 
Alternating and Pulsating Stresses. B. P. Haigh (Chemistry and 
Industry, 1929, Vol. 48, Jan. 11, pp. 23-30). The author reviews 
and discusses a wide variety of tests and experiments with alternating 
and pulsating stresses to illustrate and contrast the conditions in which 
fatigue cracking may be a source of danger. It is shown that the 
relation between the fatigue strength and yield strength of mild steel 
is such that fatigue cracking is necessarily uncommon in mild steel 
with ordinary conditions of loading. In high-tensile steels the relation 
between the two kinds of strength is often such that fatigue cracking 
is more frequent. 


What Happens in Couplings: Fatigue of Materials—What it is 
and how it Occurs in Flexible Couplings. H. F. Moore. (Iron and 
Steel Engineer, 1928, Vol. 5, Dec., pp. 513-517). The subject is 
treated under the following headings: Common misconceptions con- 
cerning fatigue ; slip in metals; effect of reversing stresses ; function 
of flexible couplings; stresses in the flexible members ; fallacy of stored 
energy ; fatigue limit and energy-storing capacity for various metals ; 
elimination of flexible materials ; refinement of design ; commercial 
application of the floating sleeve principle; oil as a load-carrying 
agent ; and necessity for alignment couplings. 


The Process of Making Steel and the Characteristics of Resistance 
to Alternating Stresses. R. Cazaud. (Aciers Spéciaux, 1929, Vol. 4, 
Jan., pp. 14-22). The author puts forward test results to show the 
influence of the mode of manufacture of steel on its mechanical pro- 
perties in general and on its resistance to alternating stresses in 
particular. In order to avoid defects in steels due to fatigue, 
and to attain greater safety, he advocates the selection of various 
types and qualities of steels and their submission to a large number 
of tests of the repeated stress, rotating flexion, impact, and vibratory 


types. 
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Remarks and Simple Experiments on Latent Stresses in Metals. 
A. Portevin. (Revue de Métallurgie, Mémoires, 1929, Vol. 26, Feb., 
pp. 68-75). The author discusses some of the phenomena observed 
which are due to stresses within the metal. 


X-Ray Investigation of the Internal Stress of Carbon Steels. S. 
Sekito. (Science Reports of the Tohoku Imperial University, Sendai, 
1928, Vol. 17, pp. 1227-1236). The broadening of the spectral lines 
by the action of cold-working previously found in the case of copper 
has also been confirmed in the case of carbon steels. The maximum 
percentage variation of the lattice constant was 0-4, and the corre- 
sponding internal stress 84 kg. per sq. mm., which is a little lower 
than the tensile strength in these steels. This confirms Honda’s view 
that the internal stress can never exceed the tensile strength of the 
specimen. 


Method of Thermal Colouring for Determination of Local Internal 
Stresses in Iron and Steel. A. F. Golovin. (Journal of the Russian 
Metallurgical Society, 1928, No. 3, pp. 89-92). (In Russian.) 


The Detection of Internal Stresses in Rods and Tubes. G. Sachs. 
(Mitteilungen der deutschen Materialpriifungsanstalten, 1929, Sonder- 
heft V., pp. 138-144). See Journ. I. and 8.1., 1927, No. II. p. 603. 


Gases Extracted from Iron-Carbon Alloys by Vacuum Melting. 
N. A. Ziegler. (American Institute of Mining and Metallurgical 
Engineers, 1929, Technical Publication No. 168). The present paper 
is a continuation of the work on gas analysis described in Proceedings 
of the Institute of Metals Division, 1928, p. 544. A series of iron- 
carbon alloys with carbon ranging from 0-0038 to 4-45 per cent. 
was prepared in a magnesia-lined graphite crucible placed in a high- 
frequency furnace. The alloys were remelted in a bell-jar vacuum 
furnace, the gases given off being collected and analysed. The con- 
clusions are as follows: water vapour is given off by low-carbon 
laboratory alloys and by steels, but not by high-carbon alloys and 
cast irons. The amount is very small. Carbon dioxide is evolved in 
relatively small quantities in all samples. Carbon monoxide is the 
principal constituent of the gaseous mixtures in all cases. The amount 
increases very rapidly with the increase of carbon in the original 
sample. Free oxygen is given off by all samples in negligible quantities. 
Hydrogen is not evolved by the laboratory samples and by the cast 
irons, but to a small extent by open-hearth steel. A certain iron- 
carbon alloy (about 0-07 per cent. carbon for this particular series) 
contains just enough carbon and oxygen to be very nearly decarburised 
and deoxidised by the vacuum melting, as judged from the results of 
the chemical analysis and the metallographic examination. Com- 
mercial alloys have the same characteristics, so far as gas evolution is 
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concerned, as the laboratory samples of the same carbon content. 
The number of inclusions decreases uniformly with the increase of the 
carbon content. 


Technical Properties of Vacuum-Melted Metals. W. Rohn. (Zeit- 
schrift fiir Metallkunde, 1929, Vol. 21, Jan., pp. 12-18). The author 
first reviews the earlier proposals for the treatment of metals for tech- 
nical purposes by submitting them to vacuum treatment without the 
application of any further heat. Vacuum melting in furnaces which were 
not thoroughly air-tight was virtually a refining process, and results 
were only possible under practically completely air-tight conditions. The 
author next discusses gases in metals, and the evolution of gases from 
molten metals in vacuo, and then reviews the linings used in vacuum 
melting, and their improvement. He indicates some of the products 
which are to-day made in technical quantities, giving furnace sizes and 
weights of charges ; he also records outputs from 1917 to 1928. 


Oxygen in Steel. L. Persoz. (Aciers Spéciaux, 1928, Vol. 3, Nov., 
pp. 259-262). 


Nitrogen in Steel. B. Svechnikoff. (Journal of the Russian 
Metallurgical Society, 1928, No. L., pp. 35-58). (In Russian.) 


Action of the Principal Elements Added to Steels. L. Persoz. 
(Aciers Spéciaux, 1928, Vol. 3, Nov., pp. 249-255). The author notes 
briefly the properties conferred on steel by the presence of the various 
elements present in or added to steels. 


Influence of Added Elements on the Properties of Steels. L. Persoz. 
(Aciers Spéciaux, 1929, Vol. 4, Jan., pp. 69-74), The iron-carbon 
diagram and the variations in the properties of steel due to the presence 
of various amounts of carbon are discussed. 


Influence of Tin on the Quality and in Particular on the Ability to 
Roll of Open-Hearth Mild Steel. W. Keller. (Stahl und Eisen, 1929, 
Vol. 49, Jan. 31, pp. 138-139). The results of an investigation are 
reported on the influence of tin on the properties of mild steel and also 
on its forging and rolling qualities. Tin was added to open-hearth 
steel during teeming, and a series of blooms was produced, with tin 
ranging from 0-23 to 1-0 per cent. The tensile strength increased 
from 27 to 35 tons per sq. in. over that range of tin content, and the 
elongation fell from 24 to 16 per cent. Rolling tests showed that steel 
with 0-60 to 0-70 per cent. of tin would roll into sheets without cracking 
at the edge. Steel with up to 0-60 per cent. of tin forged fairly well 
and withstood the cold bending test perfectly. At higher percentages 
of tin the forgeability fell off. The author considers that the bad 
effect of tin on steel has been overrated. 
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Zirconium in Steel. LL. Persoz. (Aciers Spéciaux, 1928, Vol. 3, 
Nov., pp. 256-258). The properties of zirconium and of zirconium 
steel are discussed, and methods for estimating the element in steel 
and in ferro-zirconium are given. 


Alloy Cast Steels. D. Zuege. (Paper read before the American 
Foundrymen’s Association, Apr. 1929). The author presents data 
showing the physical properties of some alloy steels specially adapted 
to foundry use. The steels considered are: Vanadium steel 1-20 to 
1-60 per cent., manganese steel 0-75 to 1-00 per cent., chromium 
steel (carbon 0:35 to 0-45 per cent.), chromium-nickel steel (carbon 
0-40 to 0:50, chromium 0-75 to 1-00, nickel 1-00 to 1-50 per cent.), 
and chrome-nickel-molybdenum steel. 


High-Duty Cast Chrome-Nickel Steel. V. Zsdik. (Die Giesserei, 
1929, Vol. 16, Mar. 1, pp. 193-205). A record of an investigation of 
the properties of a cast nickel-chrome steel in various conditions of 
heat treatment. The specification of the metal was carbon 0:28 to 
0-35, manganese 0-50, silicon 0-2 to 0-3, chromium 0-55 to 0-95, 
and nickel 3 to 3-75 per cent. ; the phosphorus and sulphur were to be 
as low as possible, and not to exceed 0-04 per cent. 


High-Carbon High-Chromium Steels. J. P. Gill. (Transactions 
of the American Society for Steel Treating, 1929, Vol. 15, Mar., pp. 387— 
428). The author compares the properties of six steels of the high- 
carbon high-chromium type which find use in the manufacture of 
dies. The comparison covers the critical points, hardening and temper- 
ing curves, microstructure, and physical properties. A short discussion 
of the constitution of these steels is also included, together with a 
brief historical outline of their development. 


An Investigation of the Physical Properties of Certain Chromium- 
Aluminium Steels. I’. B. Lounsberry and W. R. Breeler. (Trans- 
actions of the American Society for Steel Treating, 1929, Vol. 15, 
May, pp. 733-766). The authors have investigated the physical 
properties of steels containing 2 to 6 per cent. aluminium and 7 to 
13 per cent. chromium, with silicon and carbon varying up to approxi- 
mately 1 per cent. maximum. The effect of the addition of small 
amounts of nickel, cobalt, molybdenum, vanadium, manganese, 
tungsten, and copper was also studied. The properties investigated 
were: (1) Effect of thermal treatment on hardness and microstructure ; 
(2) resistance to oxidation at elevated temperatures; (3) resistance 
to atmospheric corrosion; (4) forgeability; (5) tensile strength at 
normal and elevated temperatures; and (6) impact values. These 
alloys possess high critical ranges and a very stable « phase, the 
stability of which increases with increase in the aluminium, chromium, 
and silicon contents. Steels containing about 5-5 per cent. aluminium, 
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9-5 per cent. chromium, | per cent. silicon, and 0-50 per cent. carbon 

were dominantly ferritic at all temperatures. Depending on the 

total aluminium, chromium, and silicon contents, these alloys exhibit 

ae resistance to oxidation at temperatures from 1550° to 
50° F. 


Hadfield Steel—Its Physical Properties in Connection with Heat 
Treatment and Microstructure. V. Svechnikoff. (Journal of the 
Russian Metallurgical Society, 1929, No. I., pp. 23-38). (In Russian.) 


Copper Steels with High Carbon Content. A. F. Stogoff and W. 8. 
Messkin. (Archiv fiir das Hisenhiittenwesen, 1928, Vol. 2, Nov., 
pp. 321-331). The results of a research on the physical and mechan- 
ical properties of steels containing from 1-19 up to 5-07 per cent. copper 
with carbon from 0-74 to 1-22 per cent. are reported. Heating and 
cooling curves were taken and the expansion was measured with a 
Chevenard dilatometer; the electric conductivity was measured ; 
the microstructure was examined in the annealed and hardened and 
tempered states; magnetic tests were made; and, finally, tensile tests 
under different conditions of heat treatment were carried out. The 
Ar, point is lowered by adding copper, but the pearlite content is not 
affected. Copper does not increase the hardness of steel, but it does 
increase the coercive force and field strength without affecting the 
remanence. The elastic limit, ultimate strength, and hardness all 
increase with increasing copper ; but the elongation, reduction of area, 
and notch toughness fall off. In the quenched and tempered state 
copper steels show high tensile properties, with good elongation and 
reduction of area. 


High-Strength Structural Steels. HE. E. Thum. (Iron Age, 1929, 
Vol. 123, Mar. 21, pp. 797-800). The author outlines the character- 
istic properties of high-strength steels for boilers, rails, structures, ships, 
and gas cylinders. In American practice nearly all the tonnage steels 
now contain more than the 0-30 per cent. of manganese necessary for 
soundness, and the medium and hard grades are essentially alloys of 
iron, carbon, and manganese. Open-hearth rail practice has developed 
along somewhat the same directions that have produced the high- 
strength structural steels—at least, to the extent that they both carry 
0-20 to 0-30 per cent. of silicon. For structural purposes the American 
engineers prefer higher carbon and lower manganese than do English 
constructors. In America chemical limits would run carbon 0:30 to 
0-45, silicon 0-15 to 0:45, and manganese 0:70 to 1:10 per cent. 
Greater strength can be obtained more safely by higher manganese 
than by higher carbon, The properties of British steels used for 
shipbuilding are compared, and the superiority of ““D” quality 
steel, containing carbon about 0-33 per cent., silicon about 0-12 per 
cent., and manganese 1-1 to1-4 per cent., is shown. The chemical 
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composition and properties of Freund steel produced in Germany are 
also shown. : 


Silicon-Manganese Steels with Chromium Additions for Engineering 
Applications. A. B. Kinzel. (Transactions of the American Society 
for Steel Treating, 1928, Vol. 14, Dec., pp. 866-876). The author 
deals with silicon-manganese steels of medium carbon content, which 
are highly suitable for engineering purposes and are susceptible to 
heat treatment. The addition of a hardening element, particularly 
1 per cent. of chromium, increases the susceptibility to heat treatment 
and ease of application of heat treatment. The physical properties 
of the silicon-manganese-chromium steels are superior to those of the 
silicon-manganese or straight manganese steels, and of the same order 
as those of the best alloy steels similarly heat-treated. 


High-Tensile Structural Steels. H. Buchholz. (Forschungen und 
Fortschritte, 1929, Jan. 20; Metallurgist, 1929, Vol.5, Feb., pp. 29-30). 
The author describes the properties of a new high-tensile steel, and com- 
pares them with those of other steels of the same class. The new material 
has the normal carbon content of a mild structural steel ; it contains 
in addition a little chromium and about | per cent. of copper. It is 
stated to have the same good physical properties as silicon steel (yield 
stress over 23 tons per sq. in., tensile strength 33 to 40 tons per sq. in., 
elongation about 20 per cent.). The amount of scrap made with this 
steel is low, so that, despite the use of expensive additions, it can be 
produced more economically than silicon steel. It is easy to weld, and 
is less subject to corrosion than ordinary carbon steel. 


Mechanical Properties of British Rail Steels. W. EH. Dalby. 
(Minutes of Proceedings of the Institution of Civil Engineers, Session 
1928-1929, Vol. 227, Part I.). This is a continuation of the work 
described in the author’s paper on “ Mechanical Properties of Steel,” 
(Ibid., 1926, Vol. 221, p. 21), and deals specially with the mechanical 
properties of steels used for rails on British railways. 


Investigation of the Influence of the Rolling Temperature on the 
Properties of Rails. R. Stumper. (Stahl und Hisen, 1929, Vol. 49, 
Feb. 7, pp. 177-187). All recent efforts for the improvement of the 
strength properties of rails have been based on changes in the chemical 
composition, such as by increasing the carbon to 0-88 per cent., or by 
raising the manganese to 2-2 per cent. An addition of silicon up to 
0-6 per cent. was found to improve the elastic limit, but the difficulty 
of rolling such rails has proved a disadvantage. Better success has 
been obtained with manganese-silicon steel rails, with carbon 0-3 to 
0-6, silicon 0-3 to 0-6, and manganese 1 to 1-5 per cent. The present 
author has now investigated the effect of controlling the rolling tempera- 
ture at the various stages of rolling ordinary basic Bessemer rails, with 
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carbon 0:38 to 0:45, silicon 0-06 to 0:15, manganese 0-91 to 1-13, 
phosphorus 0:05 to 0-07, and sulphur 0-04 to 0-05 per cent. A low 
finishing temperature, not exceeding 950° to 1000° C., has the most 
beneficial effect, both on the grain-size and on the tensile properties. 
The mean results of a large number of tests show that with finishing 
temperatures of 950° and 1150° C. the strength of the material in the 
head of the rail was : 


Temperature. Elastic Limit. Yield Point. Elongation. 
eth Tons per sq. in. Tons per sq. in. % 
950 26°5 46-3 15-0 
1150 24-7 45-0 14:6 


Similar results were obtained for the web and foot of the rail. 


Influence of Rolling Temperature on the Properties of Rails. R. 
Stumper. (Iron and Coal Trades Review, 1929, Vol. 118, Mar. 22, 
p- 441). An abridged English translation of the above article. 


The Properties of Basic Bessemer Rail Steel. J. W. Reicherts and 
A. Wimmer. (Stahl und EHisen, 1929, Vol. 49, Mar. 21, pp. 385-388). 
Comparative tests have been made on basic Bessemer and open-hearth 
rail steel, the results of which are held to indicate that the claim for 
the superiority of open-hearth steel over basic Bessemer steel as a 
material for rails is exaggerated. The basic Bessemer steel had the 
following composition: carbon 0-40 to 0-48, silicon 0-14 to_0°28, 
manganese 0-87 to 0-97, phosphorus 0-022 to 0-054, sulphur 0-032 to 
0-38 per cent. The tensile tests on the material as rolled gave elastic 
limit 34-6 to 39-3, and breaking stress 65:3 to 74-6 kg. per sq. mm., 
with elongation 18 to 16-6, and reduction 39-3 to 30-4 percent. After 
normalising, these values were all slightly improved. The open-hearth 
steel had carbon 0-46 to 0-47, silicon 0-28 to 0-26, manganese 0:78 to 
0:67, phosphorus 0-028 to 0-022, sulphur 0-035 to 0-032 per cent. 
The tensile properties were much the same as those of the basic Bessemer 
steel. The results of wear tests in the Amsler machine were slightly 
better in the case of the open-hearth rails. The point of chief import- 
ance in regard to the basic Bessemer steel is that it should be properly 
deoxidised in the process of manufacture. The deoxidisers and car- 
burisers should be added in liquid form, and a low teeming tem-_ 
perature with additions of ferro-silicon ensure a good evolution of 
gas. Such steel will make good hard rails which will meet the present- 
day conditions of service in every respect as well as the open-hearth 
rails. 


Chemical Composition of Rail Steels. E. Houbaer. (Revue 
Universelle des Mines, 1929, Series 8, Vol. 1, Jan. 15, pp. 36-43). A 
practical study of the various elements generally entering into the 
chemical composition of rail steels. 
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Medium-Manganese Rail a Success. EH. E. Thum. (Iron Age, 
1929, Vol. 123, Apr. 4, pp. 940-942). It is shown that the standard 
American open-hearth carbon steel rail can be measurably improved 
by lowering the carbon to 0-55 to 0-70 per cent., and increasing the 
manganese to 1-25 to 1-50 per cent. Rails of this composition have 
a long life and are almost entirely free from transverse fissures. 


On a Point of History Concerning the Invention of High-Speed 
Steels. LL: Demozay. (Revue de Métallurgie, Mémoires, 1929, Vol. 26, 
Mar., pp. 115-116). The author draws attention to a contribution 
by Cox to the discussion of a paper by Hoyt (see Journ. I. and S.L,, 
1928, No. II. p. 419). It is pointed out that the original inventor of 
high-speed steel was H. A. Brustlein, a Frenchman. The author adds 
additional information bearing out this assertion. 


Effect of Hardening Temperatures and Annealing on Cutting 
Efficiency of High-Speed Steels. E. Kothny. (Maschinenbau, 1928, 
Vol. 7, Oct. 18, pp. 959-966). 


Cutting Qualities of an Alloy Steel as Influenced by its Heat Treat- 
ment. O.W.Bostonand M.N. Landis. (Transactions of the American 
Society for Steel Treating, 1929, Vol. 15, Mar., pp. 451-473). The 
results of a series of experiments made to determine the value of four 
methods of estimating a machinability rating of an 8.A.E. 6140 steel 
under various heat treatments are presented. The cutting qualities 
are expressed in four ways: a cutting rating as influenced by the tool 
life and finish secured, as observed while a turning tool was cutting under 
standardised conditions, the torque and thrust of a 3-in. drill cutting 
under standardised conditions as measured on a drill dynamometer, 
and the time taken by a 4-in. drill to penetrate + in. while cutting under 
standardised conditions. The materials were given a number of single 
and double heat treatments so as to obtain various annealed structures, 
as well as various degrees of spheroidising. It is shown that pure 
annealing does not give the best machining qualities, but that steels 
cut best when the spheroidising is greatest. 


Cutting Tools Research Committee. Report on Machinability. 
E.G. Herbert. (Proceedings of the Institution of Mechanical Engineers, 
1928, No. Il., pp. 775-825). Machining processes change the physical 
properties of metals to which they are applied. No quantitative rela- 
tionship can therefore exist between the machinability of metals and 
the physical properties which they originally possess and which have 
not been changed by machining. Since metals differ in their capacity 
for being hardened by deformation, and machining processes differ in 
respect of the degree of deformation they produce, machinability is not 
an attribute of metals which can be considered or measured apart from 
particular machining processes. The hardness of the chips removed by 
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a metal-cutting process indicates the hardness induced in the metal 
by that process. It takes account of both the characteristics of the 
metal and the character of the machining process, and is a measure of 
machinability. The original hardness of metals gives no indication 
of machinability. The maximum induced hardness measured by the 
pendulum work-hardening test gives a general indication in the case of 
ductile metals, but none in the case of brittle metals. No quantitative 
relationship exists between the speed at which a metal can be cut, the 
resistance it offers to the cutting tool, and its blunting effect on the tool. 
Very soft steel offers greater resistance to cutting and has a greater 
blunting effect on the tool than similar steel which has been made harder 
by heat treatment. This may be attributed to the less efficient natural 
cutting angles of the built-up edge formed in cutting the softer steel. 
Highly efficient natural cutting angles have, however, been found, and 
highly efficient cutting obtained, in soft wrought iron. 


The Machinability of Special Steels. T. Wickenden. (Aciers Spé- 
ciaux, 1928, Vol. 3, Jan., pp. 13-20; Stahl und Eisen, 1929, Volt 495 
Jan. 3, pp. 20-21). Trials as to the machinability of carbon steels, 
chromium steels, and nickel steels were made by the author to deter- 
mine the best cutting speed in relation both to the tensile strength of 
the material and the chemical composition. In Taylor’s classic experi- 
ments the tensile properties alone were taken into consideration without 
regard to other conditions. With a nickel steel with 0-26 per cent. 
carbon and a tensile strength of 41 tons to the sq. in., a cutting speed 
of 78 m. per min. was practicable, but with a carbon steel containing 
1-05 per cent. carbon and a tensile strength of 40 tons a cutting speed 
of only 44 m. per min. could be maintained. This is due to the destruc- 
tive effect of the carbides on the cutting edge of the tool, and the 
tensile strength is not a regular criterion of the cutting speed that could 
be used on a material. The author also found that the quality of the 
surface is not only dependent on the cutting speed but on the rate of 
feed and cutting angle, and that for every kind of steel there is a definite 
critical range of speed at which cutting leaves a rough surface. Below 
and above that range a good surface can be obtained. 


Questions of Materials and Hardness in the Manufacture of Tools. 
(Kruppsche Monatshefte, 1928, Vol. 9, Oct., pp. 147-159). The 
following subjects are dealt with : Classification of tool steels ; harden- 
ing; hardening faults and deformation during hardening ; high-speed 
steels: hardening high-speed steels; tempering high-speed steels ; 
wear-resistance of high-speed steels. One large table gives a list. of 
tool steels and their applications, their analyses, strengths, and hard- 
nesses, and the methods of hardening them. A second table collects 
together hardening faults, their causes, the appearance of the fractures 
and the remedies. A third table comprises the analyses and heat 
treatments of the three classes of German special steels ; class B 
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contains less than 13-5 per cent. of tungsten, class A contains 13-5 
to 18 per cent. of tungsten but no vanadium, molybdenum or cobalt, 
and class C contains either more than 18 per cent. of tungsten, or, if 
that metal is present in less amount, additions of the above three special 
elements must be made. 


Tool Steels of the Chemical Analyses shown have given Ex- 
cellent Service. E. E. Thum. (Iron Age, 1928, Vol. 122, Nov. 22, 
p. 1286). The author lists a number of chemical analyses of American 
tool steels which will give excellent service for the class of work 
indicated. 


English and American Die Tool Steels. J. W. Urquhart. (Heat 
Treating and Forging, 1929, Vol. 15, Feb., pp. 177-182). A review 
contrasting the compositions, and the hardening, tempering, and 
general thermal treatments employed in the two countries. 


The Properties of Cold-Drawn Wires, with Particular Reference to 
Repeated Torsional Stresses. F.C. Lea and R. A. Batey. (Proceedings 
of the Institution of Mechanical Engineers, 1928, No. II., pp. 865-899). 
The results are given of an investigation of carbon steel wire. The 
experiments show that the resistance of cold-drawn wires to repeatedly 
applied shear stresses is very much less than would be expected from 
the static properties of the wire. The fatigue range may be less than 
0:18 of the static breaking stress in tension, and 0-23 of the torsional 
strength. Heavy cold-work which produces high staticresistance damages 
the material at the surface of the wire. Under the action of repeated 
stresses cracks commence at the surface. The behaviour of the wires 
under repeated torsional stresses can be greatly improved by low- 
temperature heat treatment. The authors consider that torsional 
fatigue tests are the most satisfactory, if not the only satisfactory, 
method of investigating the fatigue properties of wire. 


The Deterioration of Colliery Winding Ropes in Service. 8. M. Dixon, 
M. A. Hogan, and J. M. Robertson. (Mines Department, Safety in 
Mines Research Board, Paper No. 50, 1928). The authors review the 
various factors which operate to cause the deterioration of winding 
ropes in service, and describe a number of typical failures. The 
results of the observations summarised in the paper emphasise the 
fact that failures of winding ropes are seldom attributable to a single 
cause, but are frequently the result of the simultaneous operation of 
a number of influences. Three causes influence the deterioration of 
winding ropes, namely, repeated stress, wear, and corrosion. Fatigue 
or failure by slow fracture was found to be the most common influence. 
It also appeared to be the most dangerous, because of the uncertainty 
in its incidence, depending as it does on the effects of kinetic stresses 
and on the resistance of cold-drawn wire to repeated stress, a 
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phenomenon about which little is known. The examinations, in 
addition to proving the necessity for recapping at short intervals, 
showed the advisability of cutting off several feet of rope at each 
recapping, and emphasised the importance of careful examination of the 
portion cut off to ascertain its internal condition, as an indication of 
the possible conditions existing elsewhere in the rope. 


Note on the Rupture of a Steel Haulage Cable of the Locked Cable 
Type. De Berc. (Annales des Mines, 1929, Vol. 15, pp. 88-92). 
Details of the life of the cable and of tests made during its period of 
use and after its failure are given, and the cause of the rupture 
discussed. It is pointed out that in the locked cable type there is a 
greater proportion of wires hidden from view, and therefore great 
attention should be paid to any indications of likely failure given by 
the outside wires. 


Methods for Mechanically Testing Lifting Gear in Service, such as 
Chains, Ropes, &c. K.Grocholl. (Die Giesserei, 1928, Vol. 15, Dec. 7, 
pp. 1232-1233). The author stresses the importance of testing 
periodically appliances which have to raise heavy loads. He then 
describes various methods by which such articles as chains, cables, 
ropes, &c., may be tested in the works where they are situated, using 
only such means as are ready at hand. 


Experiments with Wire Cables and Pulleys for the Niederfinow 
Ship-Canal Lift. A. Freund. (Zeitschrift des Vereines deutscher 
Ingenieure, 1929, Vol. 73, Jan. 19, pp. 73-81). For the purpose of 
the experiments described a special test tower was erected ; cables, 
bearings, pulleys, and other appliances for use in the new ship-canal 
lift at Niederfinow were subjected to full-size tests, and the strength 
under conditions of starting-up and of motion were determined by 
means of special new apparatus. 


Light on the Wire Rope Question. R. Woernle. (Zeitschrift des 
Vereines deutscher Ingenieure, 1929, Vol. 73, Mar. 30, pp. 417-426). 
The author stresses the need for systematic long-time tests on wire 
ropes. He then deals with the influence of various factors (the radius 
of the wheel groove, the spin of the rope, loading of the rope, the 
thickness and strength of the rope) on the life of lift and crane ropes, 
the stretch of the rope in service, the influence of the number of flexions 
and of broken wires on the reduction of the load-bearing capacity of the 
rope. The author then turns to ropes with long life, and discusses the 
effect of galvanising and other factors on the life. He also considers 
the chemical analysis and various tests for rope wires. 


Testing Compressed-Gas Cylinders. G. D. Bagley. (Paper read 
before the Compressed Gas Manufacturers’ Association : Iron Age, 
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1929, Vol. 123, Apr. 18, pp. 1067-1069). A method is described for 
testing compressed-gas cylinders whereby the wall thickness and 
ductility are automatically determined. The volume expansion is 
measured at two pressures, and a curve-drawing machine records data 
for each cylinder. 


Gas Cylinders. (Department of Scientific and Industrial Research : 
Third Report of the Gas Cylinders Research Committee, London, 
1929). The results of tests are reported on the properties of nickel steel 
and nickel-chromium-molybdenum steel to determine their suitability 
for the manufacture of light gas cylinders. 


The Mechanical and Metallurgical Properties of Spring Steels as 
Revealed by Laboratory Tests. G. A. Hankins and Miss G. W. Ford. 
(Paper read before the Iron and Steel Institute, May 1929: this Journal, 
p. 217). 


The Effect of ‘‘ Nip ’’ on the Mechanical Properties of Laminated 
Springs. R. G. Batson and J. Bradley. (Department of Scientific 
and Industrial Research, 1928, Engineering Research Special Report 
No. 11). In the manufacture of laminated springs it is sometimes the 
practice to vary the curvature of the individual plates of the spring 
in such a way that when the leaves are placed on one another there are 
gaps between them. The leaves are clamped together, usually by a 
bolt through the centre. The leaves are thus pulled to approximately 
the same radius of curvature, and the load required for the purpose 
varies according to the gaps which have been left initially between the 
leaves. Laminated springs made in this way are said to have been 
given “nip.” The assembly of the leaves in springs of this kind 
produces stresses in the longer leaves of the opposite sign to that 
which is imposed by the load, and thus the maximum stress in these 
leaves is reduced. In order to investigate the effect of “ nip ” on the 
behaviour of laminated springs, two sets of springs were tested. Hach 
set consisted of three springs—one with very little nip, the second 
with moderate nip such as is used in practice, and the third with ex- 
cessive nip. The springs were made from a straight carbon steel, 
water-hardened, of the following composition: 0-63 carbon, 0-093 
silicon, 0-70 manganese, 0-044 sulphur, and 0-059 per cent. of phos- 
phorus. The advantage of nip is that, if it is adjusted correctly, the 
master leaf when under repeated loadings has zero mean stress, and is, 
therefore, in its most favourable condition for resistance to repeated 
stresses. It is shown that even with springs having so-called 
“moderate” nip, this amount of nip is greatly in excess of the 
theoretical requirements. Increase of nip increases the mean stress 
in the short leaf, while the range of stress is approximately constant. 
Owing to the fact that the master leaves were thicker than the other 
leaves, the actual range of stress in the master leaves was greater than 
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that in the short leaves. This compensates to some extent for the 
increased mean stress in the short leaves. The ranges of stress at 
which fracture occurred are lower than the safe ranges which would be 
expected from a consideration of the endurance of a similar material 
tested in the form of machined test-pieces. 


Static and Endurance Tests of Laminated Springs made of Carbon and 
Alloy Steels. R.G. Batson and J. Bradley. (Department of Scientific 
and Industrial Research : Engineering Research, 1929, Special Report, 
No. 13). The report describes an investigation of the endurance of 
laminated springs and the stress which can be allowed on the spring 
leaves. It forms a continuation of the work on the effect of “nip” 
(Special Report, No. 11). Tests were carried out on springs made from 
0-6 per cent. carbon steel, silico-manganese steel, and chromium- 
vanadium steel, and on springs of the 6-leaf design made from various 
carbon and alloy steels. The following tests were carried out : (a) static 
load-deflection observations ; (b) determination of the stresses on the 
master leaves of the springs when the latter are under load ; and (c) en- 
durance tests. The results which are presented, by means of tables and 
graphs, suggest a probable explanation of the fractures of laminated 
springs in practice, in the very low limiting ranges of stress obtained 
from the springs compared with those obtained from the materials in 
the form of turned and polished specimens, upon which no doubt the 
data of design have been hitherto based. Further investigation is 
being undertaken to determine the reasons for the wide difference 


revealed. 


Investigation of a Fractured Boiler End. O. Laue. (Gliickauf, 
1928, Vol. 64, Dec. 15, pp. 1684-1686). The author describes an 
investigation, and its results, into the failure of a boiler-end which 
fractured under test after eight years’ service. The fracture was inter- 
granular, and from the microscopic and Fry’s etching test evidence it 
was concluded that the material had been cold-worked beyond the 
yield point. 


Testing of Materials and Car Parts. C. A. McGroder. (Iron Age, 
1929, Vol. 123, Mar. 28, pp. 876-878). An illustrated account is given 
of the equipment and methods used at the plant of Chrysler Motors 
for the testing of automobile parts. Shock, torsion, and bursting 
tests are used. 


Characteristics of Auto-Body Sheets. R. C. Todd. (Iron Age, 
1929, Vol. 123, Apr. 11, pp. 1006-1008). Particulars are given of the 
various grades of automobile sheets produced in America. 


A Study of the Structure and Mechanical Properties of Sheet Iron 
as Influenced by the Thermal Treatment. G. N. Cholmogoroy. 


1929—1i. 3F 
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(Journal of the Russian Metallurgical Society, 1928, No. III., pp. 72- 
88). (In Russian.) 


The Testing of the Materials of Tubes, with Reference to the Latest — 
Processes. (R6hrenindustrie, 1928, Vol. 21, Dec. 6, pp. 493-495). 
Owing to the increased performances expected of modern tubes, the 
testing of the materials and of the finished articles is of great import- 
ance ; various tests applicable particularly to tubes are mentioned. 


Considerations on Tubes used in Bicycles and Motor Bicycles. 
(Rohrenindustrie, 1929, Vol. 22, Feb. 28, pp. 67-68). The mechanical 
properties of steels used for the manufacture of bicycles and motor 
bicycles are discussed. Possible sources of failure are pointed out ; 
improper annealing may leave sufficiently great internal stresses in 
the tubes so that cracks are started when the joints are brazed. The 
stresses imposed on the finished machines are alternating in character, 
and anything likely to give rise to “ notch action ’’ must be avoided. 


Steel Failures in Aircraft. F. T. Sisco. (Transactions of the 
American Society for Steel Treating, 1929, Vol. 15, Apr., pp. 589-629). 
The author discusses failures in steel aircraft parts that have been 
investigated by the U.S. Air Corps at Dayton, Ohio. The methods 
used in the investigation are briefly described, and a classification is 
given of the various failures in respect to their origin. Typical cases are 
given of: (1) Failures due to faulty methods of manufacture and not 
caused by defective material ; (2) failures due to internal defects such 
as non-metallic inclusions ; (3) failures due to seams and other surface ~ 
defects ; (4) miscellaneous failures due to defective steel, including 
large grain-size, segregation, and banding; (5) failures due to faulty — 
or wrong heat treatment ; and (6) failures due to welding. 


Special Steels in Aircraft Construction. H. Hoffmann. (Rohren- 
industrie, 1928, Vol. 21, Nov. 22, pp. 475-476). 
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British Standard Specification for Tramway Tyres. (British Engineer- 
ing Standards Association, 1929, Report No. 101). 
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American Specifications for Foundry Pig Iron, Grey Iron, Malleable 
Iron, and Steel Castings. O. Schliewiensky. (Die Giesserei, 1929, 
Vol. 16, Mar. 22, pp. 267-274). A translation into German of specifica- 


Hous issued by the U.S. Bureau of Standards Federal Specification 
Board, 


: 
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MAGNETIC AND ELECTRICAL PROPERTIES OF 
IRON AND STEEL. 


The Magnetic and Electrical Properties of Cast Iron. (Zeitschrift 
fiir die gesamte Giessereipraxis, 1927, Vol. 48, Dec. 11, pp. 425-426). 


Alloys of Iron with Physical Peculiarities. F. Stablein. (Kruppsche 
Monatshefte, 1928, Vol. 9, Dec., pp. 181-189). The magnetic pro- 
perties, the coefficient of expansion, and the elvctrical resistance of 
iron and of various alloys of iron are discussed. 


The Influence of Cold-Deformation and of Heat Treatment on the 
Electrical Conductivity of Copper, Aluminium, and Iron. P. Barden- 
heuer and H. Schmidt. (Mitteilungen aus dem Kaiser-Wilhelm- 
Institut fiir Hisenforschung, 1928, Vol. 10, pp. 193-212). 


What is the Magnetic Permeability of Iron? T.D. Yensen. (Journal 
of the Franklin Institute, 1928, Vol. 206, Oct., pp. 503-510). The 
author reviews the values for the magnetic properties of iron which 
have been progressively obtained since 1870. The changes in the 
values recorded are due to the increasing ability to produce purer 
metal, and finality is not yet reached. The latest (1928) values are 
as follows: initial permeability, 1150; max. permeability, 61,000 ; 
hysteresis loss, 300 ergs per c.c. per cycle for B = 10,000 gauss. 


Magnetic Investigations of Carbon Steel. ©. C. Duell. (Trans- 
actions of the American Society for Steel Treating, 1929, Vol. 15, Apr., 
pp. 630-651). The author reports the results obtained by magnetic 
methods in an investigation of irons and steels of various carbon contents 
and in various conditions. It was found that in steels containing 
cementite a drop in magnetism occurs from 150° to 220°C. The author 
sets forth the hypothesis that carbon is soluble in «-iron but carbide 
is not. In steels containing only martensite decreased magnetism 
occurs at 300°C. Martensite is defined as a crystalloid material which 
results when a solid solution in y-iron is cooled at such a rate as to 
permit the y-iron to transform to «-iron, but not to permit the alloying 
element to form a chemical compound or a solid solution as the case 
may be. Cementite is stated to be a stable compound at all tempera- 
tures below 745° C., and with a proper carburising heat treatment 
below this temperature, iron may be converted entirely into carbide. 


The Magnetostriction of Various Steels. J. S. Rankin. (Journal 
of the Royal Technical College, 1929, Vol. 2, Part I., Jan., pp. 12-19). 
A method of finding the alteration in length of various steels when 
subjected to magnetizing forces is described, the small changes in- 
volved being measured by oscillating thermionic valves. 
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Apparatus for Thermomagnetic Analysis. R.L. Sanford. (Bureau 
of Standards Journal of Research, 1929, Vol. 2, Apr., pp. 659-670). 
The author describes thermomagnetic analysis apparatus set up by 
the Bureau of Standards, and gives typical results obtained by its use. 


The Magnetic Testing of Dynamo and Transformer Sheet with the 
Differential Iron Tester. F. Wever and H. Lange. (Mitteilungen aus 
dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 1928, Vol. 10, 
pp. 343-362). After a review of the history of the testing of dynamo 
and transformer sheets, the authors describe the apparatus devised 
by Lonkhuyzen for determining the induction and watt loss. They 
then give details of tests carried out to ascertain the accuracy of 
the apparatus and the agreement between the results obtained with it 
and those obtained by other means. 


Investigations of Tungsten Magnet Steel. K.G. Brecht, R. Scherer, 
and H. Hanemann. (Stahl und Hisen, 1929, Vol. 49, Jan. 10, pp. 41- 
42). The composition of the magnet steel examined was : carbon 0-67, 
silicon 0-26, manganese 0:25, phosphorus 0-01, sulphur 0-011, 
chromium 0-40, tungsten 6-62 per cent. The experiments were made 
to ascertain the relation between the magnetic and mechanical pro- 
perties and the microstructure, as affected by various heat treatments. 
Specimens were annealed at various temperatures before hardening, 
in order to facilitate machining, and were afterwards quenched from 
820° C. in water. The coercive force fell as the temperature of the 
previous annealing was increased, being at a minimum when the 
annealing temperature was 750° C., but rising again when the annealing 
temperature was increased to 800°. This was due to the fact that at the 
higher temperature some of the cementite had gone into solution, and 
the greater the amount of cementite that goes into solution before 
hardening the better the magnetic properties. If the steels are annealed 
at temperatures between 650° and 750°, they should be held afterwards 
for some time at the quenching temperature in order to allow time for 
the carbide to go into solution. 


Investigations of Molybdenum Steels, as to their Suitability for 
Permanent Magnets. A. F. Stogoff and W. 8. Messkin. (Archiv fir 
das Kisenhiittenwesen, 1929, Vol. 2, Mar., pp. 595-600; Stahl und 
Kisen, 1929, Vol. 49, Mar. 28, pp. 429-430). The magnetic properties 
of molybdenum steels with varying percentages of molybdenum and 
carbon were investigated. The steels were melted in crucibles. When 
the carbon is about 1-5 per cent., a molybdenum content of 2 to 2-5 per 
cent. is injurious, both as regards magnetic properties and in producing 
brittleness and spoiling the machinability. The most favourable 
composition for a molybdenum magnet steel is carbon about 0-9 to 
1-0, and molybdenum 2 to 2-5 per cent. The magnetic properties 
of such a steel are considerably superior to those of ordinary tungsten 


PHYSICAL AND CHEMICAL PROPERTIES. 805 


and chromium magnet steels, while the decrease in the magnetic 
moment due to ageing is about the same. This steel attains its best 
magnetic properties after quenching from 800° C. in water. It should 
be held at that temperature in a lead bath for 5 to 8 min. No harm 
is done if the above temperature is slightly exceeded. A steel with 
4-33 per cent. molybdenum and 0-81 per cent. carbon quenched from 
875° C. in water or oilalso gives good results, but the values do not quite 
reach those of the first-named. 


The Detection of Flaws in Rails. (Hngineer, 1929, Vol. 147, May 10, 
pp. 522-523). The electrical device invented by E. A. Sperry for 
detecting transverse fissures and other flaws in rails while they le in 
the track is described and illustrated. 


Rail Detector Tests 2000 Miles of Track. ©. W. Gennet, jun. 
(Paper read before the Western Society of Engineers, Mar. 4: Iron 
Age, 1929, Vol. 123, Mar. 7, pp. 681-682). The principle of the Sperry 
method of detecting flaws in rails is outlined. Its use at the rail mill 
and also for testing other forms of steel are suggested. 


CONSTITUTION, STRUCTURE, CRYSTALLOGRAPHY. 


Metallography Simplified for Practical Use in Shop. EH. Preuss, 
G. Berndt, and M. von Schwarz. (Iron Trade Review, 1928, Vol. 83, 
Oct. 4, pp. 836-837 ; Oct. 18, pp. 991-992, 1028; Nov. 1, pp. 1116- 
1118; Nov. 15, pp. 1247-1249; Nov. 29, pp. 1875-1377 ; Dec. 13, 
pp. 1496-1498; Dec. 27, pp. 1624-1626; 1929, Vol. 84, Jan. 10, 
pp. 130-132; Jan. 24, pp. 267-269; Feb. 7, pp. 392-394; Feb. 21, 
pp. 520-522; Mar. 7, pp. 647-649; Mar. 21, pp. 779-781 ; Apr. 4; 
pp. 912-913, 916 ; Apr. 18, pp. 1054-1056; May 2, pp. 1186-1189, 
1195). The continuation of a series of articles translated from the 
German by R. Rimbach dealing with the preparation of specimens 
and the investigation of the structure of metals by macroscopic and 
microscopic methods. 


Smoothing and Etching Cupro-Nickel, Bronze, Brass, and Steel. 
H. B. Pulsifer. (American Institute of Mining and Metallurgical Engi- 
neers, 1929, Technical Paper No. 137). The paper outlines a method for 
the rapid production of flat granular surfaces on many of the medium 
hard alloys. Grinding wheels and fabrics on wheels are not used ; 
the object is accomplished by rubbing on emery-papers and on fine 
abrasives heaped on hard boards. The advantages of chromic acid in 
the solutions for etching nickel and copper alloys are explained. Steels 
may require an additional step in the mechanical smoothing owing 
to the lack of an ideal etching reagent. Chloric acid is a rapid agent 
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for steel. Photomicrographs are included which illustrate the steps 
in smoothing and the clearness with which the structures can be rapidly 
exposed. During the search for etching reagents most suitable for 
steel, an unusual structure was discovered i in certain low-carbon steels — 
(0-12 per cent. carbon). The particular pieces in question had been 
quenched from 1500° F. and gave a brittle crystalline fracture. Most 
of the stock was unquestionably ferrite, but the nature of the earlier 
pearlite nodules between the grains was not at first clear. When some 
of the sections were etched lightly with hydrochloric acid in alcohol 
and examined at 2000 diam. magnification, the real condition was 
disclosed. The heating and quenching had transformed the original 
pearlitic nodules into martensite and troostite. The carbon in the 
pearlite had failed to disseminate throughout the ferrite, and, in a 
miniature way, had formed the constituents of high-carbon quenched 
steel in a low-carbon matrix. 


Microscopical Studies of a Passive Layer in Carbon Steel and the 
Resulting Structure. C. Benedicks and P. Sederholm. (Zeitschrift 
fiir physikalische Chemie, 1928, Vol. 138, Oct., pp. 123-134). In a 
study of etch figures produced on carbon tool steel by alcoholic 
nitric acid solutions, the authors noticed an unusual fissured effect 
which was attributed to the existence of an extremely thin passive 
layer ; this was produced even when etch fluids containing only 0-1 
per cent. of nitric acid were used. The probable origin of this film is 
discussed. 


The Hot Acid Etch Test for Steels. F. W. Rowe. (Iron and Steel 
Industry, 1928, Vol. 2, Nov., pp. 37-40). The etching reagent pre- 
scribed for use in this test is composed of water 500 c.c., sulphuric 
acid 200 ¢.c., and hydrochloric acid 1400 ¢.c. The specimen, one 
surface of which is prepared by grinding or similar means, is immersed 
in the etching solution, and the temperature is raised to and held at 
just below boiling point for from 20 min. to | hr. according to the class 
of steel of the specimen. The author devotes considerable space to 
the interpretation of the structures obtained, which are illustrated. 
The faults revealed by the test are: (i) Pipes, (il) seams, (iii) laps, 
(iv) porosity, (v) non-metallic inclusions, (vi) ingot segregates, and 
(vii) cracks, 


New Etching Agent for Iron and Steel. V.N.Svechnikoff. (Journal 
of the Russian Metallurgical Society, 1928, No. III. pp. 105-106). 
(In Russian.) 


The Constitution of Steel and Cast Iron—Section II. F. T. Sisco. 
(Transactions of the American Society for Steel Treating, 1929, Vol. 15). 
The hardening of steel is described in Part VI. (Jan., pp. 158-169). 
In Part VII. (Mar., pp. 503-515) the author describes and illustrates 
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the structure of the three transition coastituents in heat-treated steel, 
martensite, troostite, and sorbite. 


Models for the Demonstration of the Heterogeneous Equilibria in 
Ternary Systems. R. Vogel. (Archiv fiir das Hisenhiittenwesen, 
1928, Vol. 2, Dec., pp. 389-894). The interpretation of space diagrams 
as usually drawn presents difficulties. The author has devised a 
series of models made from a transparent substance, on which the 
space conditions of ternary systems can be directly demonstrated. 


Notes on the Iron-Silicon, Iron-Chromium, and Iron-Phosphcrus 
Systems. P. Oberhoffer and ©. Kreutzer. (Archiv fiir das Hisen- 
hiittenwesen, 1929, Vol. 2, Jan., pp. 449-456). The influence of 
silicon and of chromium on the A, and A, points in pure iron was 
investigated. Alloys with a content up to 2-2 per cent. silicon pass 
through the y range on heating. With silicon from 2-2 to 2-5 per 
cent. they do not pass through the y range on transition to the 8 modi- 
fication, but through a phase in which «- and y-iron coexist. All 
alloys with over 2-5 per cent. silicon pass direct from the « to the 3 state. 
Contrary to the ideas of previous investigators, it was assumed that an 
addition of chromium would cause a drop in the A, curve, followed by 
a rise, and that the rising A, point, together with the falling A, point, 
would form a contracted y range. Thermal investigations confirmed 
this view, and the boundary of this contracted y range in the iron- 
chromium diagram was experimentally determined at 15 per cent. 
chromium. An X-ray examination of the iron-phosphorus system 
confirmed the existence of the following compounds: at 1-7 per cent. 
phosphorus, saturated mixed crystals ; at 15-58 per cent. the chemical 
compound Fe,P ; at 21-5 per cent. the compound Fe,P ; and above 
21-5 per cent. another, hitherto unknown, iron-phosphorus compound 
appeared to have formed. 


Iron-Manganese Alloys. V. N. Krivobok. (Iron and Coal Trades 
Review, 1928, Vol. 117, Dec. 7, p. 830). This report was presented 
at a recent meeting of the Metallurgical Advisory Board to the Carnegie 
Institute of Technology and the United States Bureau of Mines, and 
deals with the preparation and constitution of iron-manganese alloys 
and the determination of specific properties and microscopic studies. 


Thermal Expansion of Iron Alloys. A. Schulze. (Zeitschrift fiir 
technische Physik, 1928, No. 9, Sept., pp. 338-343). Data are pre- 
sented on the thermal expansion of iron-silicon, iron-aluminium, and 
iron-manganese alloys. 


Constitutional Diagrams for Cast Irons and Quenched Steels. A. L. 
Norbury. (Paper read before the Iron and Steel Institute, May 1929: 


this Journal, p. 443). 


808 THE IRON AND STEEL INDUSTRIES. 


Contribution to the Study of the Ternary Chrome Steels. J. Pomey 
and P. Voulet. (Paper read before the Highth Congress on Industrial 
Chemistry, Strasbourg, 1928: abstract, Revue de Métallurgie, 
Mémoires, 1928, Vol. 25, Dec., pp. 665-667). A study of the trans- 
formations in chrome steels, particularly those with cobalt and nickel, 
at the limit of the y range (A,). The Fe-Cr—Co and Fe—Cr—Ni diagrams 
are dissected into a number of regions, and the special elements are 
divided into four classes according to the character of the y range : 
(i) Isomorphic with «-iron (chromium) ; (ii) isomorphic with y-iron ; 
(iii) miscibility gap, but continuity of the « and 6 solid solutions ; 
(iv) miscibility gap without continuity between «-iron and 6-iron. 


Abnormal Forms of Structure in Cast Steel. E. Piwowarsky. 
(Stahl und. Eisen, 1928, Vol. 48, Nov. 29, pp. 1665-1669). It has 
often been noted that, in making experimental melts of cast steel, 
after annealing and recrystallisation the structure does not show the 
expected homogeneity. For example, a steel sample with about 
0-3 per cent. carbon, deoxidised with aluminium, after annealing, 
continually showed a tendency for the ferrite to separate in the form 
of needles, and for the formation of single grains of pearlite of irregular 
size. Micrographs of a rail billet show a number of light spots in the 
fracture of a specimen subjected to static tensile test, though such 
spots are not present in the fractured surface of the specimen when 
dynamically tested. This same material also showed the peculiar 
phenomenon, that on recrystallisation the pearlite always had a 
tendency to assume the form of a network. Deep etching with con- 
centrated sulphuric acid revealed local heterogeneity. The steel 
had been top-poured and aluminium had been added to each ingot 
shortly before the end of teeming, the weight of ingot being about 
24 tons. A number of micrographs are given, of deoxidised and non- 
deoxidised steels, showing a tendency to the dendritic formation 
of pearlite, and these abnormalities require a good deal of further 
investigation in order to find a satisfactory explanation. 


Pure Iron and Allotropic Transformations. T. D. Yensen. 
(American Institute of Mining and Metallurgical Engineers, 1929, 
Technical Paper No. 185). The evolution of the iron-carbon diagram 
is discussed, and the question of solid solubility is briefly considered. 
While conclusive evidence of the absence of allotropy in pure iron in 
the form of heating and cooling curves and X-ray data does not yet 
exist, the indirect evidence obtained from iron-silicon-carbon diagrams 
and presented in the paper has led the author to formulate the hypo- 
thesis that pure iron has no allotropic transformations below the 
melting point, and that its characteristic lattice structure is the body- 
centred cube (« modification). It follows as a necessary corollary 
to this hypothesis that the A, and A, transformations are caused by 
carbon and other “ stranger ”’ atoms entering the interstitial spaces 
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of the lattice. When their amount exceeds the solubility in «-iron for 
the particular temperature, they cause the iron to modify its structure 
in order to accommodate them. 


The Gamma-Alpha Transformation in Pure Iron. A. Sauveur and 
C. H. Chou. (American Institute of Mining and Metallurgical 
Engineers, 1929, Technical Paper No. 169). Polished samples of 
electrolytic iron were heated to 1000° C. in a vacuum, maintained in 
the y range for several hours and quenched in different media. It is 
shown by means of photomicrographs that the « phase forms first 
along the crystallographic planes of the austenite and around the grain 
boundaries. The martensitic structure resulting from drastic quench- 
ing is proved to penetrate to a substantial depth. There seems to be 
little doubt that the martensitic and the Widmanstatten types of 
structure are closely related. 


The Transformation of Austenite into Martensite in a 0-8 per Cent. 
Carbon Steel. D. Lewis. (Paper read before the Iron and Steel 
Institute, May 1929: this Journal, p. 427). 


Further Observations on the Microstructure of Martensite. F. F. 
Lucas. (Transactions of the American Society for Steel Treating, 
1929, Vol. 15, Feb., pp. 339-367). The author describes a number of 
quenching and tempering experiments in which commercial high- 
quality tool steels were used. Representative structures found in the 
quenched and various tempered conditions are discussed and illus- 
trated by means of photomicrographs at high magnifications. 


The Microstructure of Rapidly Cooled Steel. J. M. Robertson. 
(Paper read before the Iron and Steel Institute, May 1929: this Journal, 
paso). 


The Mode of Formation of Neumann Bands. 8. W. J. Smith, A. A. 
Dee, and J. Young. (Proceedings of the Royal Society, 1928, 
[A], Vol. 121, pp. 477-514). In Part I. (pp. 477-486) the mechanism 
of twinning in the body-centred cubic lattice is discussed, in Part II. 
(pp. 486-500) evidence is put forward to show that the bands are twins, 
and in Part III. (pp. 501-514) the movement from which the twinning 
results is considered. 


The Neumann Bands in Ferrite. ©. H. Mathewson and G. H. 
Edmunds. (American Institute of Mining and Metallurgical Engineers, 
1928, Technical Paper No. 139). The authors review previous work 
on the nature and origin of Neumann bands in ferrite, briefly discuss 
the characteristic features of twinning in the body-centred cubic 
lattice, and describe in detail the pioneer work of Migge. Finally, the 
results of an X-ray investigation are introduced to prove that the 
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inner structure of the bandsis precisely the structure required to produce 
the form of twinning under consideration. 


Characteristic Band in Steel. V. P. Kravz-Tarnavsky. (Journal 
of the Russian Metallurgical Society, 1928, No. III., pp. 162-167). 
(In Russian.) 


Banded Structure and Fracture of Steel. A. Earfurin. (Journal 
of the Russian Metallurgical Society, 1928, No. I., pp. 91-128). (In 
Russian.) 


Studies in Metal Crystal Orientation. I.—Determination of Orienta- 
tion of Metallic Single-Crystal Specimens by High-Voltage X-Rays. 
T. A. Wilson. (American Institute of Mining and Metallurgical 
Engineers, 1929, Technical Publication No. 210). A method is described 
by which it is possible to find rapidly the orientation of single-crystal 
specimens from which only Laue photographs can be obtained. These 
Laue photographs are obtained with high-voltage X-rays. The 
photographs are solved either by the application of the gnomonic 
projection alone or by the application of the stereographic-gnomonic 
double net. 


A Metallographic Study of Tungsten Carbide Alloys. J. L. Gregg 
and C. W. Kiittner. (American Institute of Mining and Metallurgical 
Engineers, 1929, Technical Publication No. 184). Five different 
commercial tungsten carbide alloys were investigated by means of 
X-ray diffraction patterns and microscopic examination. Both W,C 
and WC were found in four alloys and only WC in the fifth alloy. The 
behaviour of two selective etching reagents is described: alkaline 
ferricyanide attacks WC and not W,C; a mixture of concentrated 
nitric and hydrofluoric acids attacks WC and not WC. The structure 
of the alloys containing both W,C and WC resembles that of a 
eutectoid surrounded by a network of WC or a complex network. 


HEAT-RESISTANT AND ACID-RESISTANT ALLOYS. 


Acid-Resistant CastIron. F.Espenhahn. (Foundry Trade Journal, 
1929, Vol. 40, Mar. 7, p. 186). An abridged English translation of a 
report which appeared in Die Giesserei, 1928, Vol. 15, Sept. 14, pp. 917- 
921. (See Journ. I. and 8.1., 1928, No. II. p. 387.) 


Study of a 20 per Cent. Chrome Steel. A. Michel and P. Bénazet. 
(Paper read before the Kighth Congress on Industrial Chemistry, 
Strasburg, 1928: abstract, Révue de Métallurgie, Mémoires, 1928, 
Vol. 25, Dec., p. 668). 
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High-Chromium Steels. O. K. Parmitter. (Transactions of the 
American Society for Steel Treating, 1929, Vol. 15, May, pp. 796- 
813). The author discusses in general the composition, heat treat- 
ment, and properties of high-chromium steels, including the various 
low-carbon, stainless steel types, and the several high-carbon chromium 
die types. Special consideration is given to the more recent develop- 
ment of stainless steel containing nickel and chromium. The effect 
of various chemicals and other corrosive substances upon stainless 
steel is dealt with in detail. 


Iron-Chromium-Nickel Alloys. (Metallurgist, 1929, Vol. 5, Feb., 
pp. 30-31). A critical review of Guertler’s paper on the relation of the 
space lattice of alloys and their corrosion resistance (Zeitschrift fitr 
anorganische Chemie, 1919, Vol. 107, p. 1), and of his later paper con- 
taining the results of experiments made to determine if there were any 
relation between that theory and the practical results of tests on the 
acid resistance of iron-chromium-nickel alloys (see Journ. I. and 8.1, 
1928, No. IT. p. 434). 


Rust-, Acid-, and Heat-Resisting Steels. (Iron and Steel of Canada, 
1928, Vol. 11, Dec., pp. 377-379). 


Heat- and Corrosion-Resistant Alloys. T. H. Nelson. (Iron Age, 
1929, Vol. 123, Apr. 25, pp. 1139-1142). The analyses and properties 
of the three chief types of stainless steel are discussed. 


A New Development in Corrosion-Resisting Steel. F. R. Palmer. 
(Transactions of the American Society for Steel Treating, 1928, Vol. 14, 
Dec., pp. 877-892, 950). It was found that 0-40 per cent. of zirconium 
sulphide added to a high-chromium stainless iron greatly improved the 
machining and grinding properties, and served to reduce the tendency 
toward galling, scratching, and seizing. This was accomplished by a 
slight loss of toughness and tensile properties, but yielded a metal 
which was eminently suited for many corrosion-resisting parts. Zir- 
conium sulphide tended to prevent air-hardening in the ‘low-carbon 
grades of stainless iron and raised the temperature necessary for har- 
dening. 


Some Applications of Stainless Steel. (Metallurgist, 1928, Vol. 4, 
Dec. 28, pp. 190-191). A three-cylinder pump, built for a pressure 
of 10,000 lb. per sq. in., was fitted with one stainless steel piston and 
two of phosphor-bronze. On examination after running day and night 
for about 3 years the stainless steel piston was found to have been 
reduced only 0-4 mm. in diam., while the other two pistons were 
9-8mm.smaller. The behaviour of stainless steel when used for turbine 
blades is also dealt with. In one turbine, stainless steel blades and 
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5 per cent. nickel steel blades were fitted and compared after running ; 
in another case stainless steel—hardened, and hardened and tempered— 
phosphor-bronze, nickel-bronze, soft steel, and brass blades were tested 
together. In both tests the stainless steel demonstrated its superior 
properties and ability to resist erosion. 


Stainless Iron and its Application to the Manufacture and Trans- 
portation of Nitric Acid. W. M. Mitchell. (Transactions of the 
American Society for Steel Treating, 1929, Vol. 15, Feb., pp. 303-338). 
A brief account is given of the recently developed ammonia oxidation 
process for the manufacture of nitric acid. The resistance of various 
materials to nitric acid, and the superiority of the high-chromium alloys 
for this purpose, are discussed. The requirements are set forth for 
suitable materials for the construction of equipment for the manu- 
facture and transportation of nitric acid. Existing specifications for 
stainless iron for this purpose are critically examined, and specifications 
for plates, rivets, tubing, castings, tank cars, and shipping drums are 
considered in detail. 


Effect of Temperature on Stainless Iron. R. Sergeson. (Heat 
Treating and Forging, 1929, Vol. 15, Jan., pp. 55-59). The paper 
contains the results of an investigation of “‘ Knduro 18-8,” a stainless 
iron made by the Central Alloy Steel Corporation, of the following 
composition: carbon under 0-12, manganese under 0-50, sulphur 
under 0-03, phosphorus under 0-03, silicon under 0:50, chromium 
17 to 19, and nickel 8 to 9 per cent. The physical properties after 
various heat treatments are recorded, and micrographs of the structure 
are reproduced. In the hot-rolled and austenitic state the metal is 
not improved by heat treatment, as its strength is dependent on the 
composition only. Cold-work increases the tensile strength and 
hardness, markedly at first and then more gradually ; the elongation, 
reduction of area, and impact values suffer corresponding decreases. 
On reheating cold-worked bars to 1200° F. (650° ©.) most of the in- 
creased strength due to the cold-work is lost. To restore completely 
the structure and impact value of cold-worked material, it must be 
heated to 1850° F. (1010° C.) ; above that temperature grain-growth 
occurs, though not markedly until 2200° F. (1205° ©.) is reached. To 
obtain a fully austenitic structure the metal is quenched from 2100° F. 
(1150° C.) in water, oil, or air according to the section. Short-time 
tensile and impact tests at elevated temperatures, comparing hot- 
rolled bars reheated to 1200° F. with cold-drawn bars reheated to the 
same temperature, were favourable to the former, particularly the 
impact tests. Hot-rolled bars annealed at 1900° F. (1040° C.), when 
impact tested at elevated temperatures, showed excellent toughness 
without any blue brittleness. Creep tests between 1000° F. (540° C.) 
and 1200° F. are recorded. It is recommended that this alloy should 
not be used above 1800° F. (980° C.) for continuous service. 
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Chromium-Copper Steels as Possible Corrosion-Resisting Ferrous 
Alloys. B. D. Saklatwalla and A. W. Demmler. (Transactions of 


* the American Society for Steel Treating, 1929, Vol. 15, Jan., pp. 36— 


48). The authors present a study of the physical and corrosion-resist- 
ing properties of chromium-copper steels. 


The Scope of Corrosion-Resisting Steels in Chemical Engineering. 
T. H. Burnham. (Industrial Chemist, 1928, Vol. 4, Aug., pp. 320-324). 


Corrosion-Resistant Metals and Alloys. (Chemical Age, 1928, 
Vol. 19, Aug. 25, pp. 157-158). 


Heat-Resisting Alloys and Their Use in Steel Plant. J. D. Corfield. 
(Iron and Steel Engineer, 1929, Vol. 6, Apr., pp. 157-164). The 
author outlines the properties of heat-resisting alloys, and points out 
a number of uses for them in iron and steel plants. 


Chromium Alloys. F. M. Beckett. (Address presented to the 
Institute of Metals Division of the American Institute of Mining and 
Metallurgical Engineers, 1928). The author discusses the early develop- 
ment and recent applications of chromium alloys under the following 
headings: Early researches in Britain, early manufacture, chrome 
steel armour plate, compound chromium steels, manufacture in electric 
furnaces, classification of chromium steel, effect of heat treatment, 
effect on critical points, chromium in cast iron, discovery of stainless 
steel, rustless iron, minimum corrosion, application of rustless iron, 
value at high temperature, applications of chrome-iron, addition of 
nickel, resistance to oxidation, application of high-chromium nickel 
steels, and chromium plating. 


CORROSION OF METALS. 
(For Coating of Metals, see p. 760.) 


The Erosion of Guns. R. H. Greaves, H. H. Abram, and 8. H. Rees. 
(Paper read before the Iron and Steel Institute, May 1929 : this Journal, 
pelis). 


Laboratory Corrosion Tests of Mild Steel, with Special Reference 
to Ship Plate. H. S. Rawdon. (Bureau of Standards Journal of 
Research, 1929, Vol. 2, Feb., pp. 431-440). In 1919 a number of steel 
plates of English manufacture were fitted into the hull of s.s. Leviathan, 
and a subsequent examination showed that the original German plates 
had resisted the corrosion of sea-water much better than the English 
plates. Samples of both steels were tested by G. B. Waterhouse 
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(Iron Trade Review, 1924, Vol. 75, July 24, pp. 229-230), who was 
unable to assign a definite reason for the difference in corrosion 
behaviour of the two types of steel. Possible reasons, which he sug- 
gested, for the superiority of the German plate were the presence of a 
comparatively high percentage of copper anda marked banded structure, 
whereby after moderate corrosion low-carbon layers would be exposed 
to the sea-water. The English steel was stated to have the appearance 
of ordinary acid open-hearth steel with no marked characteristics to 
distinguish it from ordinary plate, except that copper was present in 
moderate amount. The copper contents of the two steels given by 
Waterhouse were 0-169 per cent. for the original Leviathan plate and 
0-134 per cent. for the plate of English manufacture. In order to 
determine whether or not the differences in corrosion resistance cited 
above and in other cases can be demonstrated in the laboratory, a series 
of corrosion tests of mild steel, including some Leviathan and other ship 
plates, was made by the wet-and-dry method and the continuous 
immersion methods in salt-water solutions, and the results are presented 
by Rawdon. The steels varied in copper content from a trace to over 
0-60 per cent. No differences in corrosion rate indicating marked 
superior corrosion resistance of any of the compositions used were 
obtained. The differences in corrosion behaviour observed were those 
resulting from differences in the test methods employed. The corrosion 
rate in the wet-and-dry test decreased as the surface film was built 
up, but was always much higher than that for simple immersion. The 
laboratory test results have not confirmed in any way whatsoever the 
claims made for the Leviathan plate for unusually superior corrosion 
resistance. It is believed that differences in the service conditions, 
the importance of which has apparently not been fully appreciated, 
will account satisfactorily for the alleged difference in the corrosion 
behaviour of these steels. 


The Preliminary Treatment of Iron Electrodes for Corrosion Experi- 
ments. W. van W. Scholten. (Korrosion und Metallschutz, 1928, 
Vol. 4, Dec., pp. 265-272). The author gives many references to the 
work of other investigators bearing on the effects caused by the pre- 
liminary preparation of test-pieces for corrosion tests, and records his 
own experiments made to determine the nature and extent of the effects. 
Such matters as the effect of rubbing the specimens with emery-paper, 
washing them with alcohol, allowing them to remain in the air for 
various periods before subjecting them to the test, &c., were investi- 
gated. (See also p. 820.) 


Observations Concerning Corrosion Tests. J.M.Pouvreau. (Aciers 
Spéciaux, 1929, Vol. 4, Jan., pp. 23-24). The author points out the 
necessity for the standardisation of the conditions employed in making 
corrosion tests, and for reporting full details concerning both the 
corrosive agents and the test specimens employed. 
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Corrosion of Iron, W. van W. Scholten. (Gas- und Wasserfach, 
1928, Vol. 71, Sept. 8, pp. 872-880). 


_ Is the Problem of Corrosion Solved? A. Matagrin. (Rohren- 
industrie, 1929, Vol. 22, Mar. 14, pp. 86-87; Apr. 11, p. 120). A 
review of the work and opinions of other investigators. 


The Mechanism of Corrosion. U. R. Evans. (Journal of the 
Chemical Society, 1929, pp. 111-129). The manner of the corrosion 
of half-immersed specimens, the rate at which it spreads in various 
solutions, and the different types of corrosion products formed are 
discussed. Quantitative experiments to determine the rates of attack 
of different specimens (iron, steel, zinc, aluminium, copper) in different 
solutions are recorded, and the reasons for the differences observed are 
explained. 


The Electrical Behaviour of Surfaces of Corroding Iron. A. L. 
McAulay and 8. H. Bastow. (Journal of the Chemical Society, 1929, 
pp. 85-92). The investigation was planned to elucidate the mechanism 
giving rise to corrosion currents; part of the work was concerned 
with the attainment and recognition of a standard condition for metal 
and solution. It was found that a piece of iron placed in an air-free 
electrolyte tends towards a stable potential, which is probably deter- 
mined ultimately by the hydrogen-ion concentration of the solution ; 
the condition is slowly attained and is reproducible. The behaviour 
of pure iron was typical of that of mild steel and cast iron ; the com- 
position had little effect provided that it did not produce air passivity, 
as in stainless steel. 


On the “‘ Colloid Theory ”’ of the Process of Rusting. G. Schikorr. 
(Korrosion und Metallschutz, 1928, Vol. 4, Nov., pp. 242-245). The 
author recounts briefly Newton Friend’s colloidal theory of the 
mechanism of rusting, and discusses it critically, giving references to 
the work of other investigators. He maintains that the main argument 
of Friend’s theory—similarity between the action of electrolytes on 
the coagulation of the Fe,0,-sol and the corrosion of iron—is not 
valid; in the range of lower concentrations, where the differences in 
the coagulating action of electrolytes is most marked, there is no 
corresponding agreement in the rusting process. A basic assumption 
__oxidation of the FeO-sol to Fe,0,-sol—is at variance with experi- 
ment; under the action of air the FeO-sol is flocculated as a higher 
oxide. The fact that led to the formulation of the theory—maximum 
corrosion for medium speeds of flow of the water—is explained equally 
well by the old theory. That the speed of rusting increases to a 
maximum value in the neighbourhood of 1 atm. as the oxygen pressure 
rises is satisfactorily explained by the old theory, but is entirely missed 
by the colloidal theory. 
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On Retardation and Prevention of Oxidation. J. G. A. Rhodin. 
(Engineer, 1929, Vol. 147, Jan. 18, pp. 66-68; Jan. 25, pp. 92-93). 
The author outlines the contents of a recent paper by C. Moureau and 
C. Dufraisse on “‘ The Negative Catalysis of Auto-Oxidation or Anti- 
Oxygenic Activity ” (Chemistry and Industry, 1928, Vol. 47, Aug. 10, 
pp. 819-828 ; Aug. 17, pp. 848-854). The French investigators carried 
out experiments in which the tendency of various easily oxidised ~ 
substances to combine with oxygen was reduced or nullified by the 
addition of a third substance in very small proportion. The author 
of the present article then applies the Frenchmen’s ideas to the problem 
of the corrosion of iron and steel, and suggests experiments which 
could be carried out in a modified form of their apparatus. 


The Passivity of Metals. Part I1.—The Breakdown of the Protective 
Film and the Origin of Corrosion Currents. U. R. Evans. (Journal 
of the Chemical Society, 1929, pp. 92-110). From the experimental 
results recorded in the present paper (for Part I. see Journ. I. and 8.1L, 
1927, No. Il. p. 642), the author concludes that the breakdown of the 
protective film on iron, steel, zinc, or aluminium tends to occur where 
the surface has been bent or cut, or where rolling or casting defects 
occur at the surface ; at these points local corrosion sets in, and usually 
spreads, although dissolved oxygen in excess may heal up the weak 
point. Pre-existing cavities may be the sites of corrosion, as in zinc, 
their interiors being inaccessible to repairing oxygen ; but this cannot 
be a common cause of localised attack, which can be obtained under 
aneerobic conditions if an external e.m.f. be applied. Internal stresses 
are important in determining corrosion if they are such as to keep the 
film in a state of weakness. “* Differential aeration currents ”’ are due 
to the differences of potential existing between places where the film is 
kept in repair by oxygen and those where it is not repaired ; e.m.f.’s 
approaching 0-5 v. due to this cause were measured, but they fell off 
when a current actually flowed. The extension of breakdown, or the 
repair of the film, could be followed by potential changes. 


The Passivity of Metals and its Relation to Problems of Corrosion. 
U. R. Evans. (American Institute of Mining and Metallurgical 
Engineers, 1929, Technical Paper No. 205). 


Corrosion—Note on an Apparent Relation of Protective Film to 
Microstructure. C. Van Brunt. (Industrial and Engineering Chemistry, 
1929, Vol. 21, Apr., p. 352). The author discusses the corrosion of a 
gear pump used to force a sodium xanthate solution of cellulose into 
the spinnerets of a rayon mill. With certain exceptions, all parts of 
the apparatus coming into contact with the solution showed a thin but 
dense and adherent coating of ferrous sulphide, which constituted an 
efficient protective film against progressive corrosion. The corrosion 
of the gear-teeth was heaviest at the point of greatest movement 
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between parts, indicating that the film had been sheared or rubbed off. 
It is believed that the segregation of impurities along grain boundaries 
characteristic of cast iron was in some way primarily responsible for 
the destruction of the protective film, probably by causing coincident 
lines of weakness in the film, and thus facilitating mechanical disruption. 
On this hypothesis segregation along grain boundaries may play a vital 
part in the resistance of alloys in general to combined corrosive and 
mechanical attack, and may account for the effect of relatively minute 
percentages of components. The effect may be constructive quite as 
easily as destructive, since the segregated matter can be thought of as 
eee a resistant as well as a non-resistant deposit against chemical 
attack. 


Some Examples of the Corrosion of Metals. C. O. Bannister. 
(Paper read before the Society of Chemical Industry, Nov. 1928: 
Iron and Coal Trades Review, 1928, Vol. 117, Nov. 23, p. 768). The 
author presents the results of investigations of some examples of 
corrosion, including galvanised sheets and cast-iron pipes. 


Corrosion of Metals as Affected by Stress, Time, and Number of 
Cycles. D. J. McAdam, jun. (American Institute of Mining and 
Metallurgical Engineers, 1929, Technical Publication No. 175). This 
paper discusses the interrelationship of stress, time, and number of 
cycles in causing penetration of metals under corrosion. The resultant 
fatigue limit is used as a criterion of the depth and sharpness of cor- 
rosion pitting. Four variables and their interrelationship therefore are 
considered. 

The paper first discusses the relationship between corrosion stress 
and resultant fatigue limit with the other two variables held constant. 
The form of the graph representing this relationship indicates local 
strengthening of the metal at the bottoms of the corrosion pits. The 
field of investigation was then extended to include stresses between zero 
and the endurance limit. By thus widening the range of corrosion 
stresses it was then possible to extend the range of cycle frequencies 
so as to include frequencies as low as 5 cycles per hour. ‘‘ Constant- 
damage” graphs were then developed so as to represent the stress- 
time-cycle relationship with resultant fatigue limit held constant. 
Constant-damage series of graphs are discussed as various sections of 
constant-damage surfaces. Constant-damage graphs and surfaces on 
a logarithmic scale are found to be the most useful method of repre- 
senting the relationship between the four variables. Graphs for alloy 
steels varying widely in composition and physical properties are dis- 
cussed. From the constant-damage graphs, other graphs and surfaces 
are developed to represent the damage (due to cyclic stress) in 
excess of the amount of damage that would be caused by stressless 
corrosion alone. The effect of steady and intermittent tensile stress 
on corrosion, the stress-time-cycle relationship as affected by varying 
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corrosion conditions, and the stress-time-cycle relation as it affects the 
corrosion of corrosion-resistant steels and non-ferrous metals are also 
discussed. 


Corrosion Fatigue of Metals. (Metallurgist, 1929, Vol. 5, Jan., pp. 
3-6; Mar., pp. 44-48). These articles are based on six papers published 
by D. J. McAdam relating to research on corrosion fatigue carried out 
at the Experiment Station of the U.S. Navy at Annapolis. The first 
article summarises the general characteristics of corrosion fatigue, 
as described by McAdam in his first four papers, while the second 
article relates to his latest paper dealing with the isolation of the effects 
of individual factors (see Journ. J. and §.1., 1928, No. II. p. 403). 


The Effect of Cold-Working on the Corrosion of Iron and Steel. 
H. Endo. (Science Reports of the Téhoku Imperial University, 
Sendai, 1928, Vol. 17, pp. 1265-1278). The weight loss of steel of 
various carbon contents, which were subjected to different kinds of 
mechanical stress, was examined by immersing the sample in a 1 per 
cent. sulphuric acid solution, kept at 25° C., for 72 hr. In the case of 
a tension applied up to breaking point, the weight loss runs exactly 
parallel to the amount of deformation. In the portion of the specimen 
where the stress is the greatest, the maximum weight loss is obtained 
with a 0-9 per cent. carbon steel. In the case where a certain amount 
of torsion was applied the weight loss also increased with the amount 
of torsion, the maximum loss being also obtained with the 0-9 per 
cent. carbon steel. Generally, the heaviest attack from the acid occurs 
at the point where the twist is greatest. In the case of compression 
the weight loss also increases with the load, although the corresponding 
maximum loss could not be obtained at the 0-9 per cent. carbon content. 
The effect on the corrosion of such a small amount of repeated impact 
as to cause no permanent deformation is not appreciable. 


The Corrosion and Rusting of Plain and Alloyed Cast Iron. P. 
Kotzsche and EH. Piwowarsky. (Archiv fiir das Hisenhiittenwesen, 
1928, Vol. 2, Nov., pp. 333-340). An investigation was made to 
discover the influence on the corrodibility of cast iron of the form and 
quantity of graphite, of the silicon, of nickel and chromium separately 
and together, and of copper. It was found that the mode of graphite 
separation, on overheating or at different cooling rates, exercised no 
appreciable influence on the corrodibility of cast iron in acids or in 
salt solutions. The quantity of graphite per unit of surface likewise 
did not affect the corrodibility. Silicon should be kept as low as 
possible (below 1-5 per cent.) for grey cast iron to have the best resist- 
ance to corrosion by acids and alkaline solutions. Nickel additions 
up to 6 per cent. have little influence in preventing corrosion of grey 
cast iron in the presence of acids and salt solutions. Chromium up to 
1 per cent. has a marked influence in regard to corrosion by acids, but 
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at the expense of machinability ; against salt solutions it is without 
influence. Chromium and nickel together (Cr 0:5, and Ni 2-5 per 
cent.) greatly reduce the attack by acids, but with salt solutions rather 
the reverse is the case. An addition of 0-3 to 0-4 per cent. of copper 
increases the resistance of grey cast iron to weather by 25 per cent., 
but up to 0-9 per cent. copper the resistance to acid attack is unaltered, 
and the resistance to salt solutions is reduced. 


The Surface Treatment, Deoxidation, and Corrosion of Boiler Tubes, 
Water and Steam Pipes. B. Schulz. (Warme, 1927, Vol. 50, Oct. 17, 
pp. 689-694). 


Investigation on the Corrosion of a Galvanised Iron Hot-Water 
Cylinder. H. F. Richards. (Iron and Steel Industry, 1928, Vol. 2, 
Nov., pp. 45-46). The failure of a galvanised hot-water tank by 
perforation of the bottom was investigated. Analyses of the water 
and the corrosion products are recorded, from which it was concluded 
that the presence in the water of carbon dioxide, and also of chlorides 
and nitrates, was the primary cause of the trouble. The mechanism 
of the corrosion process is explained: such water will attack zinc ; 
after a while the crystals of the iron-zinc compound lying between 
the iron base and the zinc coating are laid bare, and, owing to the 
difference between the electrode potential of the zinc and of the 
crystals, the corrosion will become intensely localised, causing pitting 
and, finally, perforation. 


Relations between the Corrosion of Superheaters and the Incrustation 
of Turbine Blades. C. Roszak and M. Pillet. (Paper read before the 
Second Congress on Industrial Heating, Paris, June 23, 1928: Chaleur 
et Industrie, 1928, Vol. 9, Nov., pp. 647-651). 


* Corrosion in Centrifugal Pumps. R. W. Miiller. (Korrosion und 
Metallschutz, 1929, Vol. 5, Mar., pp. 59-61). The author gives examples 
of corrosion in centrifugal pumps and discusses the causes of the troubles 
which occur. 


On the Resistance of Some Steels Towards Chemical Influences in 
Relation to the Carbon, Nickel, and Chromium Contents. IF. Schmitz. 
(Zeitschrift fiir Metallkunde, 1929, Vol. 21, Feb., pp. 64-65). The 
resistance to chemical action of three series of steels was investigated : 
(1) unalloyed steels with rising carbon contents ; (2) steels containing 
8 to 18 per cent. of chromium and a rising nickel content of from 0:5 
to 62 per cent. ; (3) steels with high chromium and very high carbon 
contents, but with relatively little nickel. Polished specimens, 
20 x 20 X 10 mm. with a 4-mm. hole bored in them, were suspended 
for 180 hr. in liquids the action of which was to be investigated ; the 
temperature was 18° C. The liquids included tap-water, artificial 
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sea-water (in this medium tests were also continued for 900 hr.), and 
various strengths of mineral and organic acids, ammonia, and potash. 
Scaling tests, in which 20 x 20 x 100-mm. specimens were placed 
for 180 hr. in the oxidising gases from a hardening furnace at 850° to 
900° C., were also made. The analyses of the materials and the results 
obtained are set out in two tables. The scaling tests demonstrated 
the increasing protection afforded by a rising carbon content. The 
author’s conclusions parallel closely those of Guertler and Ackermann 
(Zeitschrift fiir Metallkunde, 1928, Vol. 20, pp. 269-270). Under 
oxidising conditions chromium is the only protective agent; under 
non-oxidising conditions nickel is the constituent which exerts a 
beneficial action on the steel. 


Testing Processes for the Determination of the Corrosion Resistance 
of Metals to Weather and Sea-Water. E. Rackwitz and E. K. O. 
Schmidt. (Korrosion und Metallschutz, 1929, Vol. 5, Jan., pp. 7-13). 
The article constitutes Report No. 127 of the Deutsche Versuchsanstalt 
fiir Luftfahrt, E.V., Berlin-Adlershof. Methods and apparatus em- 
ployed in making various types of corrosion tests are described and 
illustrated. The results described, however, refer to experiments 
carried out on light-metal alloys. 


Effect of Additions of Lime and Soda-Ash to Brackish Water on 
the Corrosion of Iron and Steel. H. O. Forrest, J. K. Roberts, and 
B. E. Roetheli. (Industrial and Engineering Chemistry, 1929, Vol. 21, 
Jan., pp. 33-35). The treatment of brackish or semi-salt water to 
retard the corrosion of exposed iron or steel structures has been studied. 
Additions of lime to waters high in bicarbonate and calcium content 
will cause the formation of protective calcium carbonate scales. Waters 
containing appreciable quantities of magnesium salts require soda- 
ash as well as lime treatment to increase the pH value and supply 
carbonate ions before a calcium carbonate scale can be built up. An 
pH value of 8-5 or higher is favourable to the formation of protective 
carbonate scales. For practical application larger scale studies are 
recommended to determine the minimum quantity of lime or soda-ash 
necessary to maintain a thin protective scale on the structure. 


Corrosion of Iron in a Sodium Chloride Solution. W. van W. Schol- 
ten. (Archiv fiir das Hisenhiittenwesen, 1929, Vol. 2, Feb., pp. 523-530). 
The author has studied the influence of the character of the surfaces 
and contact with oxygen on the solubility of iron electrodes. The 
tests were made in a sodium chloride solution with occasional stirring 


for short and long periods. One of the iron electrodes had a roughened ~ 


surface, while the surface of the other was polished. The simple 
measurement of the voltage at the terminal showed that on stirring 
the liquid a change in the polarity of the electrodes took place. By 


means of measurements at both electrodes an explanation of this — 
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change of polarity was found, and the nature of the surfaces has much 
to do with it. (See also p. 814.) 


Speech of Welcome at the Annual Meeting of the Reichsausschuss 
fiir Metallschutz [Imperial Committee for Metal Protection] and Report 
on the Scientific Work of the Committee during the Last Year. E. 
Maass. (Korrosion und Metallschutz, 1929, Vol. 5, Jan., pp. 1-7). 
The speech forms an interim report on work done by the author and 
his collaborator, Dr. Wiederholt, on ‘“‘ The Resistance of Metallic 
Alloys to the Action of Salts and Salt Solutions,” such as occur in the 
alkali industry. 


The Solution Velocity of Iron. W. Schreck. (Giesserei Zeitung, 
1928, Vol. 25, Dec. 1, pp. 674-679). Experimental determinations 
of the velocity of solution of cast iron in acids are recorded. Graphite 
increases the rate of solution, and various suggestions made by other 
workers for reducing the graphite content are discussed. 


The Corrosion of Steel by Acid Solutions. H. Endo. (Science 
Reports of the Tohoku Imperial University, Sendai, 1928, Vol. 17, 
pp. 1245-1263). This paper contains the results of experiments on 
the corrosion of steels when immersed in hydrochloric, sulphuric, and 
nitric acid solutions—the steels containing various amounts of carbon, 
cobalt, nickel, chromium, manganese, molybdenum, vanadium, 
tungsten, copper, titanium, phosphorus, silicon, and sulphur. The 
relation between the solution of hardened steels in a sulphuric acid 
solution and the degree of tempering has also been studied. 


Organic Type Inhibitors in the Acid Corrosion of Iron. J.C. Warner. 
(Paper read before the American Electrochemical Society, May 1929). 
Further evidence is presented which substantiates the theory that 
inhibitors of the organic type function by increasing the over voltage 
required for the deposition of hydrogen. The effect of various con- 
centrations of gelatine upon the energy required for the deposition of 
hydrogen on iron was studied, and the results are compared with the 
inhibitor action of gelatine in the acid corrosion of iron. The effect 
of small quantities of quinoline, aniline, bases from petroleum fractions, 
and bases from coal-tar oils, upon the energy required for the deposition 
of hydrogen was also studied, and the effectiveness of these substances 
as inhibitors in the acid corrosion of iron was determined. The experi- 
ments indicate that any substance which will form a large positively 
charged oily ion, or a positively charged oily, colloidally dispersed 
particle, in acid solution, should inhibit the acid corrosion of iron if 
the substance cannot be electrolytically reduced. 


The Electrochemical Corrosion of Painted or Lacquered Steel, with 
Special Reference to the ‘‘ Alkaline Peeling ’’ of the Coat. U. R. Evans. 
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(Paper to be read before the American Electrochemical Society, May 
1929). The author has made a detailed study of failures of steel 
sheets due to cathodically produced alkali. Five series of experi- 
ments were performed, designed to study the effect of varying (1) the 
varnish medium ; (2) the surface condition of the steel ; (3) the method 
of applying the varnish ; (4) the salt solution ; (5) the pigment, where 
present. When a drop of salt water rests on a steel sheet protected 
by an imperfect coat of varnish or paint, the sodium hydroxide, formed 
as the cathodic product around the edges of the drop, may produce 
alteration or loosening of the coat, so that it can be removed by quite 
gentle rubbing. The loosening may extend over an area far exceeding 
that originally covered by the drop, owing to the creepage of the 
alkali over the metallic surface. Salts which do not produce caustic 
alkali have comparatively little action. The peeling only occurs if 
there is some slight porosity or imperfection in the paint, which allows 
a minute amount of corrosion, but an amount of corrosion which 
would be harmless in its direct effect may nevertheless cause stripping 
over a large area. The nature of the metallic surface affects the 
result, while different varnishes and paints behave quite differently 
from one another. It is impossible to forecast the liability of a coat 
to “‘ alkaline peeling ” from its appearance or from the degree in which 
it protects the metal from corrosion; some coats of bad appearance 
resist peeling to a wonderful extent, while some coats of excellent 
appearance peel readily. Certain linseed varnishes, containing copal, 
are less susceptible to peeling than corresponding mixtures without 
copal. The introduction of certain pigments into the coat also reduces 
the danger of peeling, either by strengthening the coat, diminishing 
the permeability, or by keeping the metal passive. Thick coats are 
usually less susceptible than thin coats. Several observations have 
been made regarding the action of different pigments in arresting or 
stimulating corrosion, and the conclusions reached are in general 
accord with those of Cushman and Gardner in America, and of Ragg 
in Germany. 


Factors Affecting the Relative Potentials of Tin and Iron. EH. F. 
Kohman and N. H. Sanborn. (Industrial and Engineering Chemistry, 


1928, Vol. 20, Dec., pp. 1373-1377). Data here given show that pro- 


ducts similar to those found in canned fruits—namely, apple pomace, 
prune kernels, and other protein-bearing products markedly change 
the relative potentials of iron and tin in various acid solutions. In 
acid solutions in which tin is anodic to iron, these products render it 
evenmoreanodic. Insolutions in which tin is cathodic they may cause 
it to become anodic to iron. The single potential of tin in various acids 
is shown to be markedly affected by the hydrogen-ion concentration, 
while that of iron is little affected, if at all. The higher the hydrogen- 
ion concentration the less noble tin becomes. It is shown that small 
quantities of tin in solution have a marked effect in inhibiting iron 
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corrosion. In explanation of this it-is shown that such quantities of 
tin in solution have a marked effect in raising the cathodic polarisation 
on iron at low current densities. Apple pomace likewise is shown to 
influence cathodic polarisation on iron in a similar manner. The con- 
ductivity of the electrolyte is found to be a negligible factor in in- 
fluencing corrosion in canned fruits. These data are discussed in 
connection with viewpoints of others and shown to be in harmony 
with commercial experience in the corrosion resulting in canned fruits. 


The Ferroxyl Indicator. W. van W. Scholten. (Korrosion und 
Metallschutz, 1929, Vol. 5, Mar., pp. 62-64). The author describes 
corrosion tests made with the ferroxy] indicator present in the solution. 
Earlier workers had added agar-agar to the solution, but the present 
author used the indicator without any such addition. In use, he 
added 1 c.c. of a 1 per cent. alcoholic solution of phenolphthalein and 
2 c.c. of a 1 per cent. aqueous solution of potassium ferricyanide to 
250 c.c. of the molar sodium chloride solution (58-46 grm. NaCl per 
litre) used as the corrosive medium. The anodic portions of the steel 
under test turned blue while the cathodic parts turned red. He 
discusses the most suitable conditions for using the indicator. 


LABORATORY EQUIPMENT. 


New Research Laboratory at East Chicago. (Heat Treating and 
Forging, 1929, Vol. 15, Feb., pp. 174-177). The laboratories of the 
American Steel Foundries are illustrated and briefly described. 
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Methods of Chemical Analysis in Iron and Steel Works. L. Persoz. 
(Revue de Chimie Industrielle, 1928, Vol. 37, Oct., pp. 327-329). 
Methods for the determination of molybdenum, titanium, copper, 
aluminium, uranium, and zirconium are described. ; 


Chemical Analysis for the Small Foundry. (Iron and Steel Industry, 
1929, Vol. 2, Jan., pp. 103-104). Brief notes on apparatus required, 
sampling, and the estimation of graphite, combined carbon, silicon, 
manganese, phosphorus, and sulphur, are given. 


The Estimation of Carbon in Steel Wire. H.N. Marr. (Iron and 
Steel Industry, 1929, Vol. 2, Mar., pp. 184-185). The author records 
the results of experiments carried out to determine the scope and 
accuracy of a method for the estimation of carbon in steel wires by 
direct combustion in oxygen, in which millings of dead mild steel of 
known carbon content are used as a flux. The method is intended 
for use for hard wires, or wires of fine gauge, from which it is difficult 
to prepare millings 


The Determination of Sulphur by the Evolution Process in Steels 
and CastIron. N.D. Ridsdale. (Analyst, 1929, Vol. 54, Mar., pp. 166— 
167; Chemistry and Industry, 1929, Vol. 48, Jan. 18, pp. 59-60). 
All carbon steels and cast irons when in the form of millings, drillings, 
&c., after being in contact with air for a long time (say, 2 years), fail 
to yield the full quantity of sulphur as sulphide when dissolved in 
hydrochloric acid. This can be remedied by annealing the metal in 
an oxygen-free atmosphere. A simple method for this treatment 
avoiding complicated apparatus is as follows: 5 grm. of drillings are 
mixed with 0:5 grm. of dry powdered cream-of-tartar and placed in 
a porcelain crucible (top diam. 13 in., $ in. high), which is then filled 
to the brim with a mixture of 95 per cent. of acid-washed, 40-mesh, 
calcined sea-sand, and 5 per cent. of powdered cream-of-tartar. On 
it is placed a capsule, 1? in. in diam. and } in. deep. The whole is 
inverted, the outer space filled with the sand mixture, and the capsule 
and crucible are put slowly into a mufile at 750° to 850° C. and kept 
there for 20 min. When cool the entire contents are transferred to the 
sulphur flask and the usual sulphide evolution carried out. A blank 
must be run on the sand and cream-of-tartar. White irons and certain 
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alloy steels which do not yield their sulphur as sulphide by direct 
evolution may be successfully treated in this way. 


A Rapid Method for Dissolving High-Chromium Steels for the 
Determination of Sulphur. B. 8S. Evans. (Analyst, 1929, Vol. 54, 
May, pp. 286-287). After dissolving high-chromium steel in aqua 
regia a very difficultly soluble sludge usually remains. The apparatus 
described and sketched by the author is intended to permit of solution 
in hydrochloric acid first, in order to avoid the passivity induced by 
the nitric acid. It consists of a 700-c.c. flask with a ground-glass 
stopper carrying a tapped funnel, the stem of which reaches the bottom 
of the flask, and a leading tube, the long arm of which reaches (outside) 
to the level of the flask bottom, the short arm just passing through 
the stopper. The sample is placed in the flask and covered with water ; 
the leading tube end is dipped into concentrated nitric acid, and 
concentrated hydrochloric acid is added to the flask through the funnel. 
After complete solution is attained by gentle warmth, care being taken 
that the leading tube always dips in the nitric acid, the tap funnel is 
opened and the flask cooled. The funnel is closed and hot water 
poured over the flask ; this expands the gases in the flask and bubbles 
the remaining sulphide gas through the nitric acid. The flask is then 
immediately put under the cold tap, causing the nitric acid to be sucked 
back into the flask; this should occur so rapidly that the vessel con- 
taining the nitric acid is emptied before the acid can react with the 
ferrous salts, which it does with violence. All parts of the apparatus 
are rinsed, and the sulphur determination carried out in the usual 
way. 


The Electrometric Titration of Manganese by the Volhard Method. 
B. F. Brann and M. H. Clapp. (Journal of the American Chemical 
Society, 1929, Vol. 51, Jan., pp. 39-41). 


The Influence of Cobalt on the Determination of Manganese in 
Steel. I. Wada and 8. Saito. (Bulletin of the Institute of Physical 
and Chemical Research, Tokyo, 1928, Vol. 7, Oct., pp. 1002-1027). 
(In Japanese.) The authors have investigated whether the presence of 
cobalt interferes with the determination of manganese when it is oxidised 
to permanganate in nitric acid solution with sodium bismuthate and 
then titrated with a solution of ferrous ammonium sulphate. It was 
found that manganese in steel cannot be titrated by this method in 
the presence of cobalt. 


The Determination of Manganese. W. A. Walters. (Swansea 
Technical College Metallurgical Society, Mar. 16, 1929). An outline 
is given of the bromine precipitation process and volumetric methods 
for determining manganese. The precautions necessary for accurate 
results are pointed out. 
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Volumetric Determination of Vanadium by Means of Potassium 
Iodate. E. H. Swift and R. H. Hoeppel. (Journal of the American 
Chemical Society,-1929, Vol. 51, May, pp. 1366-1371). A method for 
the volumetric determination of vanadium by means of standard 
solutions of potassium iodide and potassium iodate has been developed. 
The method depends upon the reduction of vanadate by a known 
amount of iodide in hydrochloric acid solution, and conversion of iodine 
formed and of the excess of iodide into iodine monochloride by titration 
with iodate. It is shown that when the concentration of the hydro- 
chloric acid is 6 molar or more, quadrivalent vanadium is not oxidised 
by the iodine monochloride and the reactions are quantitative. Test 
analyses proved that vanadate can be determined by this method in 
the presence of phosphate, arsenate, or ferric iron, and also in the — 
presence of tungstic acid, which may be held in solution by adding 
phosphoric acid. 


Iodometric Determination of Vanadium in Special Steels and in Ferro- 
Vanadium. K. Roesch and W. Werz. (Zeitschrift fiir analytische 
Chemie, 1928, Vol. 73, pp. 352-355). The method is based on the reduc-_ 
tion of V,0, to V,0, by KI in the presence of phosphoric acid ; the 1, 
liberated is titrated. or special steels, 1 grm. of sample is fused with 
NaOH for 10 min.; the mass is leached with boiling water, and the 
solution is made up to 500 c.c. 50 e.c. is pipetted out, and 75 c.c. of | 
H;PO, (density, 1-7) are added, followed by KI; the iodine liberated — 
is titrated with Na,S8,O, standard solution. The treatment for 
ferro-vanadium samples is more complicated. ; 


i F 


Determination of Vanadium in Steel. K. Swoboda. (Chemiker-_ 
Zeitung, 1928, Vol. 52, pp. 1014-1015). 2 grm. of sample is dissolved 
in 50 c.c. of sulphuric acid (1 : 6) in a large flask; the loss of water 
during solution is made up. The boiling liquid i is oxidised by drops 
of Sa acid, and an excess of 5 c.c. 1s added; the red fumes are 
expelled. Boiling is continued for some minutes after 50 c.c. of a 10 per 
cent. solution of ammonium persulphate have been added, and again 
after adding ammonia in excess. The heat is removed and 50 c.c. of 
ammonium persulphate and 100 ¢.c. of ammonium molybdate solutions 
are added. The precipitate is dissolved in strong nitric acid; to the — 
clear boiling liquid 3 or 4 drops at a time of 10 per cent. sodium 
phosphate solution are added at intervals of 20 sec., until the colour 
of the precipitate changes from dark orange to yellow-orange, marking 
the completion of the vanadium precipitation. The liquid is boiled 
down to very small bulk ; the precipitate is collected and washed with 
a solution containing 20 c.c. of ammonia (sp. gr. 0-91) and 25 e.c. of 
strong sulphuric acid per litre. Filter and precipitate are heated in 
50 ¢.c. of nitric, 5 ¢.c. of phosphoric, and 50 c.c. of sulphuric acids (all 
concentrated), and the solution is evaporated to fumes; it is then 
cooled, diluted, oxidised with potassium permanganate, and cooled 
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jagain, 50 c.c. of hydrochloric acid (1:1) are added, and the solution 
is boiled down to copious fumes. The mass is dissolved in 250 c.c. of 
water, and the blue liquid, heated to 80° C., is titrated with permanganate 
solution ; the iron equivalent of the latter being known, V 220:915 F's. 


Detection of Vanadium. A. Folsner. (Chemiker-Zeitung, 1929, 
Vol. 53, p. 250). The hydrogen peroxide test was found to be unreliable 
for minute quantities, and the author uses lead acetate. For detecting 
vanadium in steel, he evaporates the agua regia solution to dryness, 
| filters off the silica, and precipitates the iron with caustic soda; he 
acidifies the filtrate with acetic acid and adds a lead acetate solution. 
He states that a faint but distinct turbidity is obtained with a con- 
centration of 0-03 grm. of vanadium per litre. 


Separation of Molybdenum and Vanadium in Steel. J. Kassler. 
(Zeitschrift fiir analytische Chemie, 1928, Vol. 74, pp. 276-286). The 
vanadium is precipitated by caustic soda in an acid solution (HCI or 
H,SO,) in the presence of a ferrous salt. The precipitate contains all 


the iron and vanadium, while the molybdenum remains in solution. 


The Determination of Aluminium in Steel. A. T. Etheridge. 
(Analyst, 1929, Vol. 54, Mar., pp. 141-144). The method described 
does not include any aluminium present in the steel as alumina in- 
clusions, as it deals only with the acid soluble material. The steel is 
dissolved in hydrochloric acid; the solution is oxidised with the 
minimum amount of nitric acid, evaporated to a low bulk, transferred 
to a separating funnel, and the iron is extracted with ether. The liquid 
is treated with sulphuric acid and electrolysed over a mercury cathode. 
The electrolyte is evaporated, traces of mercury are removed by 
hydrogen sulphide, the filtrate is boiled down, and the alumina pre- 
cipitated with ammonia, methyl red being used as an indicator. This 
precipitate contains phosphorus pentoxide, ferric oxide, manganese 
oxide, and possibly chromic oxide ; corrections are then applied by 

fusing it with 1 grm. of potassium bisulphate (free from iron), and 
~ estimating the amounts of the various impurities present by methods 
described in the paper. _ Finally, the result may be checked by a colori- 
metric test, using aurin-tricarboxylic acid. Full details of the process 


are given. 


A Note on the Estimation of Tin in Steel and on Tinplate. Alice T. 
Godsell. (Swansea Technical College Metallurgical Society, Mar. 16, 
1929). Whiteley’s gravimetric method for the estimation of tin, 
although not rapid, gives concordant and accurate results. For the 
volumetric estimation of tin in mild steel and on tinplates by means 
of iodine the use of sulphuric rather than hydrochloric acid as solvent 
is strongly recommended for the following reasons : (a) Much better 
“ end-point” ; (b) fewer precautions in cooling necessary ; (c) absence 


$28 THE IRON AND STEEL INDUSTRIES. 


of fumes ; (d) much more reliable and concordant results. A suitable 
iodine solution for the determination of tin on tinplate is one con- 
taining 38:9 grm. of iodine per litre, 1 c.c. of which is equivalent 
to 1 oz. per standard box when determination is carried out on 
2 sq. in. of tinned sheet. 


The Determination of Silicon in Ferro-Silicon and Other Ferro- 
Alloys. A. Stadeler. (Archiv fiir das LHisenhiittenwesen, 1929, 
Vol. 2, Jan., pp. 425-436). A critical examination of the methods 
usually followed for the estimation of silicon in ferro-silicon, ferro- 
chromium, ferro-molybdenum, ferro-vanadium, ferro-titanium, ferro- 
tungsten, ferro-phosphorus, silico-manganese, and silico-alumina. 


Test for Copper in the Presence of Iron. L. Szebelledy. (Zeit- 
schrift fiir analytische Chemie, 1928, Vol. 75, pp. 167-168). In the 
presence of ferric iron, copper (1 : 5000) may be tested for directly by 
means of potassium ferrocyanide if sufficient NH,F, which prevents 
the formation of the blue precipitate, be added. The sensitiveness of 


the reagent for copper is increased by the addition of the NH,F. The 


test is not applicable in the presence of ferrous iron. 


A Method for the Estimation of Hydrogen in Steel. T. EH. Rooney 
andG. Barr. (Paper read before the Iron and Steel Institute, May 1929: 
this Journal, p. 573). 


Contribution on the Estimation of Oxygen in Steel by the Hot Ex- 
traction Process. G. Thanheiser and C. A. Miller. (Mitteilungen 
aus dem Kaiser-Wilhelm-Institut fiir Hisenforschung, 1929, Vol. 11, 
pp. 87-94). The authors describe their apparatus and experiments 


made to test the accuracy of the hot extraction method of estimating — 


oxygen in steel; they conclude that even with the use of the high- 
frequency furnace the method has many sources of error. Chief of 


these is the fact that at 1500° C. only iron and manganese oxides are — 


completely reduced; raising the temperature to reduce silica and 
alumina completely sets up trouble with the vacuum and also causes 
manganese metal to volatilise. 


Improved Rapid Method for the Determination of Gases in Metals, 


Particularly Oxygen in Steel. W.Hessenbruch. (Revue de Métallurgie, 
Mémoires, 1929, Vol. 26, Feb., pp. 93-114). A translation into French — 
of the original paper by Hessenbruch and Oberhoffer (see Journ. I. and 


S.L, 1928, No. I. p. 938). 


Methods of Determining the Oxygen Content of Iron and Steel. 


O. Meyer. (Zeitschrift fiir angewandte Chemie, 1928, Vol. 41, Dec. 1, 


pp. 1273-1276; Dec. 8, pp. 1295-1298). The author. discusses the 
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residue and reduction methods, and reviews recent researches in 
Germany and elsewhere. 


Method of Routine Analysis in Metallurgical Works. L. Persoz. 
(Revue de Chimie Industrielle, 1928, Vol. 37, Dec., pp. 382-384). 
A description is given of apparatus and its operation for the determina- 
tion of oxygen in steel. 


New Gravimetric Method for the Determination of the Titanic Acid 
Content of Iron Alloys. Separation of the Iron. J. Ciochina. (Zeit- 
schrift fiir analytische Chemie, 1928, Vol. 73, pp. 40-46). The method 
is based on the reaction 


O 
Ti(SO,). + 3H,O + 2Na,S,0, > 2Na,SO, + 280, + 28 + eae Con 
OH 


The sample is dissolved in aqua regia, 5 to 20 c.c. of H,SO, are added, 
the solution is heated until SO, fumes appear, a few drops of HF are 
added, the liquid is cooled and diluted with 50 to 100 c.c. of water, and 
neutralised with Na,CO,; 2 ¢.c. of H,SO, (1:1) are added, followed 
by 6 grm. of Na,8,0,. The solution is poured with constant stirring 
into 400 ¢.c. of boiling water, and the boiling is continued for 1 or 2 min. 
After cooling rapidly the liquid is poured through a filter provided 
with filter pulp (the first 50 c.c. are refiltered). The precipitate is 
washed with boiling water, ignited, and weighed as Ti0,. 


The Use of Liquid Amalgams in Volumetric Analysis. Part XI.— 
Determination of Phosphoric Acid by Using Zinc or Cadmium Amalgam. 
A. Someya. (Science Reports of the Tohoku Imperial University, 
Sendai, 1928, Vol. 17, pp. 1289-1298). In this paper it is shown that 
under suitable conditions zinc or cadmium amalgam reduces molybdic 
acid completely to the trivalent condition. Based on this fact, a 
new and accurate method for the determination of phosphoric acid 
was worked out, which was shown also to give a good result in the 
determination of phosphorus in iron and steel. 


ANALYSIS OF ORES AND FLUXES. 


Analysis of Chrome Ores. T. R. Cunningham and T. R. McNeill. 
(Industrial and Engineering Chemistry, Analytical Edition, 1929, 
Vol. 1, Apr. 15, pp. 70-72). Methods for the determination of 
chromium, iron, silica, alumina, lime, and magnesia are described. 
Perchloric and sulphuric acids are used to decompose the sample. 
Alumina is separated from iron by means of cupferron, and is deter- 
mined by precipitation with ammonia after oxidation of chromium 
to the hexavalent state by potassium chlorate. 
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Infiuence of Shaking on Various Precipitation Reactions. G. 
Thanheiser and P. Dickens. (Archiv fiir das Hisenhiittenwesen, 1929, 
Vol. 2, Mar., pp. 575-581). In following the usual analytical methods 
for chemically pure salts, the influence of shaking on the precipitation 
of barium, sulphur, calcium, and magnesium was investigated. A 
small shaking or jigging apparatus holding several containers and 
driven by an electric motor is illustrated. It was found that after 
a shaking of 10 min. duration the precipitation of the above elements 
is quantitative, and the deposits are obtained in a form suitable for 
filtering. In phosphorus determinations the effect of shaking could 
not be estimated. 


The Analysis of Fluorspar. G. HE. F. Lundell and J. I. Hoffman. 
(Bureau of Standards Journal of Research, 1929, Vol. 2, Apr., pp. 671- 
683). In connection with the standardisation of the Bureau of 
Standards standard sample of fluorspar, old methods of analysis were 
tested and modified, and new methods were developed. The present 
paper sets forth the procedures that have been found desirable for the 
determination of carbonates, silica, calcium fluoride, sulphur, barium, 
lead, and zinc. 


ANALYSIS OF FUEL. 


The Analysis of Fuels by Means of the Bomb and the Orsat Apparatus ; 
How Mixtures of CO, and O, Behave. I. Bosnjakovic. (Archiv fiir 
Warmewirtschaft, 1928, Vol. 9, Oct., pp. 309-318). 


Exact and Rapid Method for Estimating the Total Sulphur in Coal. 
O. Hackl. (Chemiker-Zeitung, 1928, Vol. 52, Dec. 1, pp. 933-934). 
One grm. of the dried and powdered coal is mixed thoroughly in an 
iron crucible with 8 grm. of a mixture of equal quantities of KMnO, 
and Na,CO,, the whole being covered with a layer of the mixture. A 
lid is put on the crucible and very gentle heat is applied at first ; later 
the temperature is raised, and finally the crucible is kept red hot for 
half an hour. After cooling, the mass is leached with 150 c.c. of 
boiling water; a few drops of alcohol are added if the solution is 
coloured. The insoluble matter is filtered off and washed free from 
sulphate with slightly alkaline cold water. Hydrochloric acid is 
added, and the sulphate estimated as BaSO, in the usual way. 


Estimation of Carbon and of Hydrogen in Fuels. LL. Dauvilliers 


and Gost. (Paper read before the Second Congress on Industrial 


Heating, Paris, June 23, 1928: Chaleur et Industrie, 1928, Vol. 9, 
Oct., pp. 68-72). 
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A Rapid Method for the Determination of Nitrogen in Coal. J. W. 
Whitaker. (Fuel in Science and Practice, 1929, Vol. 8, Mar., p. 145). 
The standard Kjeldahl method for the estimation of nitrogen in coal 
is tedious and somewhat liable to error because of (1) unsatisfactory 
conversion of the nitrogen to ammonia, and (2) unreliability in the end- 
point of the final back titration. A modification is described in which 
the coal is rapidly oxidised with strong sulphuric acid and potassium 
permanganate, and which is recommended as being more expeditious 
and accurate. 


The Formation and the Determination of Oxides of Nitrogen in the 
Analysis of Gases. EE. Richards. (Feuerungstechnik, 1928, Vol. 16, 
Jan. 15, pp. 17-18). The author puts forward evidence to show that 
at the high temperatures prevailing during the analysis of a gas by 
the explosion method an important amount of nitrous oxide may be 
formed. For its estimation the nitrous oxide is converted into nitric 
acid, and the latter is determined colorimetrically. 


The Determination of Water in Fuels by Means of Methyl Magnesium 
Iodide. A. Taubmann. (Zeitschrift fiir analytische Chemie, 1928, 
Vol. 74, pp. 161-167). The author has investigated Zirewitinoft’s 
method. The substance to be examined is treated with pyridine, 
which dissolves out the water ; the solution is then agitated with methyl 
magnesium iodide, and two molecules of methane are evolved for each 
molecule of water, thus : 


2CH,MgI + H,O = 2CH, + Mgl, + MgO. 


The method gives results agreeing with those obtained by desiccation 
over sulphuric acid im vacuo, and is more rapid; the results are more 
accurate than those given by drying at a raised temperature. The 
various substances occurring in naphtha have no effect on the accuracy 
of the process. 


Practical Methods for Analysis of Gas. G. Neumann and F, 
Strihuber. (Archiv fiir das Kisenhiittenwesen, 1929, Vol. 2, Mar., 
pp. 557-574). The article is concerned with methods and illustrated 
descriptions of apparatus for carrying out exact analyses of gas. The 
Orsat apparatus and accessories in particular are described. with notes 
regarding their use, and appliances for taking samples of gas. 


Notes on the Estimation of Hydrogen and Methane by Means of 
the Orsat Apparatus. H. A. Bahr. (Archiv fiir das Hisenhiittenwesen, 
1929, Vol. 2, Feb., pp. 495-499). The old type of Orsat apparatus 
with hot-wire pipettes gives inaccurate analytical results. Two 
modified forms of the apparatus are illustrated and described, in which 


the sources of error in the older type are eliminated. 


a 
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ANALYSIS OF REFRACTORY MATERIALS. 


The Chemical Examination of Refractory Materials.—Part II. H. J. 
Van Royen. (Archiv fiir das Hisenhiittenwesen, 1928, Vol. 2, Dec., 
pp. 371-873). Methods are’ described for the chemical analysis of — 
dolomite, magnesite, sinter dolomite, sinter magnesite, and magnesite 
bricks. These methods include the estimation of silica, iron, alumina, 
lime, magnesia, and manganese. The results of the analysis of the 
materials are recorded in tables. 
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TO THE LIBRARY. 


“Chemical Engineering and Chemical Catalogue.” Fifth edition. A 
Catalogue of Heavy and Fine Chemicals, Raw Material, Machinery, 
Plant, and Equipment applicable to Production Industries, stan- 
dardised, condensed, and cross-indexed. Compiled with the co- 
operation of leading British manufacturers. Editor, D. M. Newitt. 
4to, pp. 401. London: Leonard Hill, Ltd. (Price 15s.) 


The fifth enlarged edition of the “‘ Chemical Engineering and Chemical 
Catalogue ’’ continues to show an improvement upon the preceding editions. 
The firms co-operating in the production of the work have provided fuller 
and more comprehensive details of their products and manufactures, and it 
is designed to form a standard text-book of reference for consulting and 
contracting engineers, works managers, and others whose business it is to 
specify and purchase plant and equipment as well as material utilised in the 
manufacture of products for consumption. A useful feature is the section 
containing data concerning the materials of construction and apparatus used 
in the chemical and kindred industries. 


Crements, F. “ Blasi-Furnace Pructice.” Vol. I—‘“ General Principles, 
Source, Preparation, and Handling of Raw Materials.” 4to, 
pp. xxvii-+ 29-538. Illustrated. London, 1929: Ernest Benn, Ltd. 
(Price £3 3s.) 


This volume is the first of a series which when complete will undoubtedly 
form the most important standard work on blast-furnace practice published 
within the last 50 years. It is written from the standpoint of the blast- 
furnace engineer and designer, the furnace operator, and the student who 
may desire to specialise in the construction of furnaces and auxiliary 
equipment and in the smelting of iron ores, in which spheres new problems 
constantly arise, the solution of which requires a vast amount of patient 
research, generally on an industrial scale. The bookis divided into sections, 
which are so arranged that a natural sequence of subjects is followed. In 
order to ensure that the information should cover the latest practice and 
should embody every kind of method followed by the principal iron makers 
in different parts of the world, representative firms in nearly all countries 
where the smelting of iron on a large scale is successfully carried on have 
furnished particulars of the conditions under which they operate. Thus, 
apart from the help contributed by. numerous British firms, information 
has been gathered from Canada, the United States, France, Belgium, Sweden, 
Germany, Czecho-Slovakia, Austria, Rumania, India, Australia, and Japan. 
The scope of the book is therefore world-wide, and the survey obtained gives 
a clear and proper conception of the stage of development at which the 
industry now stands. The present volume gives first an historical account 
of the development of the blast-furnace, and the following chapters then 
deal seriatim with: The Metallurgical Properties of Pig Iron; The Blast- 
Furnace and its Functions; Chemical Principles; Thermal Principles ; 
Physical Principles; Geological Character and Geographical Distribution 
of Available Iron Ore Deposits ; Economic Consideration of Available Iron 
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Ore Deposits ; The Mining of Iron Ores ; Preparation of Ores for Smelting ; 
Fluxes and Iron-Bearing Auxiliaries to the Burden; Production of Blast- 
Furnace Coke; Air-Blast and its Functions; Handling of Materials. 
Readers will eagerly look forward to the appearance of the succeeding 
volumes. 


“The Engineer's Year-Book of Formule, Rules, Tables, Data, and Memoranda 
for 1929.” A Compendium of the Modern Practice of Civil, Mechan- 
ical, Electrical, Marine, Gas, Aero, Mine, and Metallurgical Engineer- 
ing. Compiled and edited by H. R. Kempe and W. Hanneford Smith. 
8vo, pp. Ixxvii-+ 3289. London, 1929: Crosby Lockwood & Son. 
(Price 30s.) : 


This valuable work of reference, which is now in its thirty-sixth year of 
publication, has again appeared in a revised and somewhat enlarged form. 
Fresh data and tables have been incorporated, and existing matter has been 
rearranged where considered necessary. The British Engineering Standards 
Association has authorised the inclusion in the volume of abridgments of 
their specifications, and abstracts of a large number of their Reports have 
been incorporated. Section XL. is devoted to Metallurgy, and is divided 
into Part I., Metallurgy, and Part II., Welding and Cutting. Many of the 
data appear to have been taken from the publications of the Iron and Steel 
Institute, but the omission of information of certain recent important 
developments is still noticeable. Some revision of the section on Metal- 
lurgy would appear to be desirable to bring it into line with those dealing 
with civil, mechanical, electrical, and mining engineering. 


Lister, W. ‘“‘ Practical Steelmaking.” 8vo, pp. xii+ 413. Illustrated. 
London, 1929: Chapman and Hall, Ltd. (Price 25s.) 


The reason which prompted the author to produce this useful book was 
the lack of literature of a kind that appeals directly to the man actually 
engaged in working the steel furnaces, keeping them in repair, and casting 
the steelinto the moulds. The several processes by which steel is produced 
on a large scale are described in simple language, beginning with the 
Bessemer process, acid and basic. Concerning these the author quite 
frankly states his opinion that, in the light of present-day requirements, 
they are both out of date and should now be relegated to their proper place 
in history. The acid and basic open-hearth processes are very fully treated, 
an extremely useful feature of these chapters being descriptions of methods 
for carrying out all sorts of repairs, large and small, and for dealing with 
emergencies and critical occurrences in the course of operations. Modifica- 
tions in working to meet various requirements are described, and the details 
of design and dimensions of open-hearth furnaces are given. Further 
chapters discuss gas-producer practice, electric steel-making, pit-work, and 
the tapping and teeming of steel, with some notes on special alloy steels, 
heat treatment, and testing. : 


“ Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung zw Diissel- 

dorf.’ Herausgegeben von Friedrich Kérber. Band X. Abhand- 

lung 96-115. La. 8vo, pp. 402. Illustrated. Diisseldorf, 1928: 
Verlag Stahleisen m.b.H. (Price 43.50 marks.) 

This volume forms the tenth of the series containing the collected 

researches on iron, steel, slags, and ores, carried out in 1928 in the laboratories 

of the Kaiser-Wilhelm Institute for Iron Research at Diisseldorf. A con- 


siderable proportion of the investigations herein reported relate to the 
effects of deformation and eold-working on the mechanical properties of 
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metals produced by subjecting them to rolling and pressing operations or 
to tensile stress, and the results recorded add materially to the knowledge 
of this important subject. Abstracts of all the reports have already been 
published in Section IL. of the volumes of the Journals of the Iron and Steel 
Institute issued in 1928, and the notes and references to be found there will 
serve as a guide to those who desire to consult the original articles. Refer- 
ence to the earliest volumes of the M itteilungen is now greatly facilitated by 
the inclusion in the present one of an Index covering the whole of the series 
of ten volumes published since 1920. It can only be said that the series 


forms an important work of reference which no metallurgical library can 
afford to be without. 


Poprr, J., and G. Stauger. “ Walzwerkswesen”? unter Mitarbeit von G, 


Asbeck, E. Buchmann, L. Carle, O. Emicke, H. Esser, H. Fey, O. 
Hengstenberg, C. Holzweiler, K. Hye v. Hyeburg, H. LIllies, O. 
Johannsen, H. Jordan, C. Kiesselbach, M. Kophamel, F. Korber, 
F. W. Loh, K. Maleyka, M. Moser, A. Noll, P. Oberhofter, H. Ortmann, 
E. Peipers, A. Pomp, E. Popp, J. W. Reichert, E. Rober, K. Rummel, 
E. Schreiber, E. H. Schulz, E. Siebel, F. W. Siepke, W. Sonnabend, 
E. K. Weber. Herausgegeben von J. Puppe und G. Stauber. Erster 
Band. (Handbuch des Eisenhiittenwesens, herausgegeben im Auftrage 
des Vereins deutscher Kisenhiittenleute) La, 8vo, pp. xiii-- 777, 
with 941 figures and 15 plates. Diisseldorf, 1929: V erlag Stahleisen 
m.b.H. Berlin: Verlag Julius Springer. (Price 85 marks, bound.) 


This is the first volume of a work which, when the succeeding four 
volumes are published, is intended to form the most comprehensive treatise 
on rolling-mills for shaping all kinds of products manufactured from ductile 
iron and steel. The present volume, the first of the series, deals with the 
economics of the manufactured iron and steel industry, both from a 
national and world point of view, in great statistical detail. The imports, 
exports, and trading statistics for all countries of rolled products according to 
classes are set out, both in tabular and graphic form, as far as information 
on the subject is discoverable. The statistical returns range back to 1900. 
Information, both up to date and retrospective, is also given concerning 
tarifis and commercial treaties of the various industrial countries. 

Then follows a highly interesting historical account of the development 
of the rolling-mill by that well-known authority, O. Johannsen. Records 
are wanting as to when and where rolls were first used for the purpose of 
shaping the metals, but there is extant a drawing by Leonardo da Vinci, 
dated about 1495, and reproduced in the book, showing a pair of rolls, 
worked by hand-gear, and with a metal sheet between them. Early in the 
seventeenth century, rolls were in regular use in several continental countries 
for the purpose of grooving lead strips for window frames. The first record 
of the application of power to driving rolls occurs in an old print published 
in Brunswick+in 1763, according to which one, Johann Friedrich Miller, in 
1683 laid before the ruling authorities of the Duchy of Brunswick the 
designs of a slitting mill for cutting iron sheets. This mill was driven by 
water-wheels and was in regular operation for a part of each year, the 
products being used for horseshoes, nails, and the Jike. The use of water- 
driven slitting mills extended considerably in the eighteenth century, and 
Rinman and Nordwall in Sweden designed a roll-turning lathe, by means of 
which rolling technique was much improved. Full reference is made to the 
British inventions at the end of the eighteenth century, relating to grooved 
rolls; then follow descriptions of the Belgian wire mill with Thomee’s 
improvement by adding roughing rolls, Bedson’s continuous wire mill, and, 
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finally, the writer brings the story down to the time of the development of 
the modern types of mills which are described, with a wealth of excellent 
illustrations. In all this work the greatest pains have been taken by the 
authors in the matter of historical accuracy. 

There follows a chapter onthe constitution and properties of wrought 
iron and ductile steel by the late Professor Oberhoffer and Dr. H. Esser, 
including a study of the constitution of carbon steels and the principal 
alloys of iron with other metals and metalloids, of inclusions, segregation, 
crystallisation, heat treatment, the cold-working effect, blue brittleness, &c. 
O. Hengstenberg furnishes a chapter on the constitution of non-ferrous 
metals and their alloys. M. Moser deals comprehensively with the 
testing of materials and machines for the performance of the numerous 
kinds of test to which materials of construction may require to be subjected. 
Further chapters follow on the cost of production in rolling-mills, the 
control of rolling-mill operations, the keeping of records, the theory of 
rolling and displacement of materials, and, finally, two long and important 
contributions by Emicke and Puppe on modern rolling-mill construction 
and design. 

A valuable feature of the book consists in the large number of 
bibliographical references to authoritative sources, a list of which is given 
at the end of each section of the book. The manner in which the material 
is presented, the illustrations, and the general get-up, leave nothing to be 
desired. 


KE. L. “ Photomicrographs of Iron and Steel.”’.. With a Foreword by — 
A. Sauveur. Svo, pp. xx + 253. Illustrated. New York, 1929: 
John Wiley & Sons, Inc. London: Chapman and Hall, Ltd. 
(Price 20s.) 


The photomicrography of polished and etched specimens of metals has 
become indispensable as a means for securing records of microstructures for 
reference and future examination. The author of this book has con- 
ceived the happy idea of collating, preparing, and publishing a series of 
photomicrographs of irons and steels, including those of commercial quality 
and those which have been subjected to various standard mechanical and 
thermal treatments. The whole series, including those of alloy steels, 
numbers 193 micrographs altogether, and the utility of the book consists 
in the fact that these form what is practically a standard set of photo- 
micrographs of a very wide range of materials in different conditions of 
treatment and composition, which the steel treater in the workshop or the 
student in the laboratory or works can apply as a basis for comparison. A 
second series follows the first, showing 25 photomicrographs of cast irons of 
various qualities, illustrating standard structures and compositions. Lists 
of the reagents used are given, with a statement indicating the composition 
of each, and the book concludes with an appendix, containing concise 
descriptions of the preparation of metallographic specimens, etching 
solutions for microscopic examination of steels and irons, microscopes and 
details of photomicrography, together with a statement of the standard 
definitions of terms relating to metallography and of tentative definitions 
of terms relating to heat treatment. 


“Taschenbuch fiir Berg- und Hiittenleute.” Herausgegeben von F. Kégler, 


Zweite neubearbeitete Auflage. 8vo, pp. xvi-+ 1207, with 630 


illustrations in the text. Berlin, 1929: Verlag von Wilhelm Ernst 
& Sohn. (Price 36.50 marks.) 


The first edition of this pocket-book appeared a few years ago, and the 
favourable reception with which it met has necessitated the issue of a new 
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revised edition, in the preparation of which occasion was taken to include 
a large amount of additional matter. The book is intended to form a work 
of reference containing in as condensed a form as possible all information 
of importance to mining engineers and metallurgists. The metallurgical 
portion, which forms the latter part of the work, deals with the metallurgy 
of non-ferrous metals, and consists of the following chapters: Blowpipe 
Analysis, by Kolbeck ; The Assaying of Metals, by Krug; General Metal- 
lurgy as applied to the smelting of non-ferrous metals, by Hoffman. This 
chapter deals with the physical and chemical properties of the more impor- 
tant metals, additions, fluxes, fuels, the purchase of ores and their mechanical 
preparation, gas-producers, chimneys, blowers, types of furnaces, the con- 
densation and treatment of fumes, and furnace products. The next 
chapter, by E. Schiffner, deals very instructively with the extraction and 
refining processes of the metals themselves, those specially considered being 
copper, lead, silver, gold, zinc, cadmium, nickel, cobalt, tin, arsenic, bismuth, 
quicksilver. Electro-metallurgy is reviewed by Peters, and Scheuer con- 
tributes a chapter on the metallurgy of light metal alloys, their production, 
treatment, and properties. 

The first three chapters of the book discuss the character of inorganic 
and organic minerals, and the next twenty-nine chapters are devoted to the 
science and technology of mining and winning of ores. For mining engineers 
and metallurgists the book is a source of the most up-to-date information 
on mining and treatment of ores and the metals extracted therefrom. 


SAUERWALD, F. “ Lehrbuch der Metallkunde.” 8vo, pp. xvi-+ 462, with 


399 figures in the text. Berlin, 1929: Julius Springer. (Price 
29 marks.) 


This book is a summary of the information that has been made available 
by recent research work concerning the properties and constitution of metals, 
ferrous and non-ferrous and their alloys, and the modifications which can 
be brought about at will in those properties by change of chemical com- 
position and by thermal or mechanical treatments. The first part of the 
work summarises the present state of knowledge of the science of metallurgy 
generally, with a discussion of the elemental nature of simple metals, their 
crystalline structure and the application of X-rays to the study and under- 
standing of that structure. The constitution of binary and ternary systems 
in metals are then considered, and the effect of thermal and mechanical 
treatment in rendering them suitable for the various conditions which they 
are called upon to meet in service. Part II. of the book deals specially with 
the metallurgy of iron and steel, the constitution of iron, the production of 
it in its different forms, the manufacture of steel, and the characteristics 
imparted by different modes of treatment, both thermal and mechanical, 
the constitution of the principal alloy steels and the theory of magnetism. 

The metallurgy of the non-ferrous metals is then summarised and 
reviewed on similar lines. Throughout the book the original authorities 
for the statements presented are quoted, and full reference is made to all 
the sources whence the illustrations have been collected. The whole work 
forms a highly useful compendium in a form which may conveniently 
obviate the necessity for a research student to turn up an infinite number 
of sources of reference. 


( 888 ) 


BIBLIOGRAPHY. 


ReEcENT PUBLICATIONS RELATING TO ORES, FUELS, AND METALLURGY. 


AcKERMANN, W. “‘ Beitrdge zur Erkenntnis der Gesetzmdssigkeit des Angriffes 
chemischer Reagentien auf Hisen-Nickel-, Eisen-Chrom- und Hisen-Nickel- 
Chrom-Legierungen.”’ (Hannover, Techn. Hochschule, Dr.-Ing.-Diss.) 
8vo, pp. 62. Illustrated. 


** 4.E.F. Verhandlungen des Ausschusses fiir Einheiten und Formelgréssen in den 
Jahren 1907 bis 1927.’ Herausgegeben von J. Wallot. 8vo, pp. 49. 
Berlin, 1928: Julius Springer. (Price 5 marks.) 


Anacker, M. von. ‘“‘ Schleudergussréhren der L. von Rollschen Hisenwerke Gerla- 
jingen, Hisenwerk Choindez.” (Bericht Nr. 12 des Schweiz. Verbandes 
fiir die Materialpriifungen der Technik. Diskussionsbericht Nr. 32 der 
Hidg. Materialpriifungsanstalt.) 4to, pp. 39. Zurich, 1928. 


Anagt, F. “* Ueber eine besonders schén kristallisierte alpenlindische. Hochofen- 
schlacke.” (Melilith-Schefferit-Olivin.) 8vo, pp. 157-176, with 5 figures in 
text. Leipzig, 1928: Akademische Verlagsgesellschaft m.b.H. 


Armstrone, J. “‘Carbonisation, Technology, and Engineering: a Practical 
Exposition of the Processes Employed for the Carbonisation of Coal and 
Wood by High- and Low-Temperature Methods: with an Account of the 


By-Products obtained.” 8vo, pp. x +471. London, 1929: Charles 
Griffin & Co., Ltd. (Price 36s.) 


Asuton, T. S., and J. Sykes. ‘‘ The Coal Industry of the Eighteenth Century.” 
Manchester: University Press. (Price 14s.) 


AUDIBERT, P. “Causeries sur les filons métalliques.” 8vo, pp. x + 240, with 
21 figures. Paris, 1929: Librairie Dunod. (Price 47.10 francs.) 


Bayuey, T. ‘“ A Pocket Book for Chemists, Chemical Manufacturers, Metallurgists, 
Dyers, Distillers, Brewers, Sugar Refiners, Photographers, Students, cc.” 
Edited by R. Ensoll. Ninth edition. 8vo, pp. xv + 460. London, 1929: 


E. and F, N. Spon, Ltd. ; New York: Spon and Chamberlain, Inc. (Price 
8s. 6d.) 


Boum, F. “ Warmetechnik im Schmiede-, Glih- und Hdrtereibetrieb.’’ Unter- 
suchungen von Schmiede-, Gliih- und Hiartereidfen in Reichsbahn- 


Ausbesserungswerkstitten. 8vo, pp. viii+ 106, with 40 figures and 
2 tables. Berlin, 1928. (Price 5 marks.) 


Broseck, Fr., and Fr. “‘ Modell- und Modellplattenherstellung fiir die Maschinen- 
formerei.” (Werkstattbiicher, herausgegeben von E. Simon. Heft 37.) 


Pp. 55, with 234 illustrations. Berlin, 1929: Julius Springer. (Price 
2 marks.) 


Ft —_ 
2 ‘i at, 


BIBLIOGRAPHY. 839 


Bitrmann, W. ‘‘ Psychotechnische Berufseignungspriifung von Giessereifach- 
arbeitern.” (Biicher der industriellen Psychotechnik. Hrsg. W. Moede. 
Bd. 4.) 8vo, pp. 78. - Illustrated. Berlin, 1928; Julius Springer. (Price 
8.25 marks.) 


Burnuam, T. H. ‘“ Engineering Economics.” London: Sir Isaac Pitman & 
Sons, Ltd. (Price 10s. 6d.) 


“Chemical Engineering and Chemical Catalogue.” Fifth edition. A Catalogue 
of Heavy and Fine Chemicals, Raw Material, Machinery, Plant, and Equip- 
ment applicable to Production Industries, standardised, condensed, and 
cross-indexed. Compiled with the co-operation of leading British manu- 
facturers. Editor, D. M. Newitt. 4to, pp. 401. London: Leonard 
Hill, Ltd. (Price 15s.) [See notice, p. 833.] 


Curments, F. “* Blast-Furnace Practice.” Vol. 1—‘‘ General Principles ; Source, 
Preparation, and Handling of Raw Materials.” 4to, pp. xxvii + 29-538. 
Tllustrated. London, 1929: Ernest Benn, Ltd. (Price £3 3s.) [See 
notice, p. 833.] 


Cross, R. ‘A Handbook of Petroleum, Asphalt, and Natural Gas.” Physical 
and chemical properties, specifications, methods of analysis, economics 
and statistics, refining processes, patents, tables, and bibliography. (Kansas 
City Testing Laboratory, Bulletin No. 25.) Pp. 832. Illustrated. Kansas 
City, Mo., 1928. (Price 35s.) 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL Researce. Report of the Bridge 
Stress Committee. Feap. folio, pp. vii + 215. London, 1928: H.M. 
Stationery Office. (Price 18s.) 


DEPARTMENT oF ScIENTIFIC AND INDUSTRIAL ResHarcH. Fourth Report of the 
Gas Cylinders Research Committee. (Cylinders for Liquefiable Gases.) 
8vo, pp. vi + 152, with 49 illustrations. London: H.M. Stationery Office. 
(Price 4s.) 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL ReEsEaRcH; Fuel Research. 
“ Physical and Chemical Survey of the National Coal Resources., No. 12. 
The Bristol and Somerset Coalfield. The Carbonisation of * Parkfield Large 
Gas’ Coal.” 8vo, pp. vi+ 39. London, 1928: H.M. Stationery Office. 
(Price 1s. 6d.) 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH: Fuel Research. 
“ Physical and Chemical Survey of the National Coal Resources, No. 13. 
The Yorkshire, Nottinghamshire, and Derbyshire Coalfields. South Yorkshire 
Area: The Parkgate Seam.” 8vo, pp. iv + 64+ 3 plates. London, 
1929: H.M. Stationery Office. (Price 3s.) , 


DEPARTMENT oF SCIENTIFIC AND INDUSTRIAL RESEARCH: Fuel Research. 
** Physical and Chemical Survey of the National Coal Resources, No. 14. 
Description of the Coalfields of North Staffordshire.” 8vo, pp. v + 16+ 1 
plate. London, 1929: H.M. Stationery Office. (Price Is.) 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL Researcu: Fuel Research. 
Technical Paper No. 21. “‘ The Assay of Coal for Carbonisation Purposes.” 


840 BIBLIOGRAPHY. 


(Part 2.) By J. G. King, C. Tasker, and L. J. Edgecombe. 8vo, pp. vi + 
34 + 2 plates. London, 1929: H.M. Stationery Office. (Price Is.) 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH: Engineering Research. 
Special Report, No. ll. “‘ Researches on Springs, 5: The Effect of 
‘Nip’ on the Mechanical Properties of Laminated Springs.” By R. G. 
Batson and J. Bradley. 8vo, pp. vi+ 388+ 2 plates. London, 1928: 
H.M. Stationery Office. (Price 1s. 3d.) 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH: Engineering Research. 
Speeial Report, No. 12. ‘‘ Lanoline Rust Preventers.” By C. Jakeman. 
8vo, pp. iv + 22+ 3 plates. London, 1929: H.M. Stationery Office. 
(Price Is.) 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH: Engineering Research. 
Special Report, No. 13. ‘‘ Static and Endurance Tests of Laminated Springs 
made of Carbon and Alloy Steels.” By R. G. Batson and J. Bradley. 8vo, 
pp- iv+ 33. Illustrated. London, 1929: H.M. Stationery Office. 
(Price 1s. 3d.) 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RusEaARCH: Engineering Research. 
Special Report, No. 14. ‘‘ Properties of Materials at High Temperatures, 
4: The Strength at Elevated Temperatures of Low-Carbon Steels for Boiler 
Construction.” By R. G. Batson and H. J. Tapsell. 8vo, pp. vi-+ 41. 
Illustrated. London, 1929: H.M. Stationery Office. (Price Is. 9d.) 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL ResnaRcH: Engineering Research. 
Special Report, No. 15. “ Properties of Materials at High Temperatures, 
5: The * Creep’ Strength of a ‘High-Nickel, High-Chromium Steel’ between 
600° C. and 800° C.” By H. J. Tapsell and J. Remfry. 8vo, pp. iv + 7, 
London, 1929: H.M. Stationery Office. (Price 6d.) 


Descrorx, L. “ Art de Vingénieur et métallurgie : résistance des matériaua et 
données numériques diverses.”’ (Tables annuelles de constantes et données 
numériques: Extrait du Vol. 6, années 1923-24.) 4to, pp. xiv + 169. 
Paris, 1928: Gauthier-Villars et Cie; New York: McGraw-Hill Book Co., 
Inc. (Price 100 frances.) 


Desororx, L., S. Brtiy, and A. Roux. ‘‘ Métallurgie.’ 45th edition. 


Pp. 323 + 80 + Ixvi. Illustrated. Paris, 1929: Librairie Dunod. (Price 
17 francs.) 


Drreus, H. “ Untersuchungen iiber das thermische und betriebliche Verhalten eines 
staubgefeuerten Walzwerksofens.’’ (Aachen, Techn. Hochschule, Dr.-Ing.- 


Diss.) 4to, pp. 12, with 13 figures. Diisseldorf, 1929: Verlag Stahleisen 
m.b.H, 


“ Draht-Welt-Buch. Nachschlagebuch ftir die Drahtindustrie.” Herausgegeben 


von M. Boerner. Zweite Auflage. 8vo, pp. x + 692. Illustrated. Halle 
(Saale), 1929: M. Boerner. (Price 25 marks.) 


Esrine, O. “Der Wirkungsgrad von Giessereitrockenkammern.” (Aachen, 
Teckn. Hochschule, Dr.-Ing.-Diss.) 4to, pp. 55, with 35 figures. Diissel- 
dorf, 1928: Giesserei-Verlag G.m.b.H. 


BIBLIOGRAPHY. 841 


Epwarps, C. A. ‘Some Technical Aspects of the Manufacture of Steel Sheets 
and Tinplate.”’ 8vo, pp. viii+ 94. Illustrated. Swansea: The Welsh 
Plate and Sheet Manufacturers’ Association. 


Enuers, C. “ Schmiermittel und ihre Richtige Verwendung.” Pp. 112. Leipzig, 
1928: Otto Spamer. (Price 10 marks.) 


EIsENSTECKEN, F. “‘ Ueber die zementierung des Hisens durch Methan und die 
dabeiauftretenden Gleichgewichte (480°-720°).” Minster Universitat, 
Philos. u. naturw. Diss. 4to, pp. 13. Dortmund, 1928: Stahldruck, 
Dortmund. 


“Engineer's Year-Book of Formule, Rules, Tables, Data, and Memoranda for 
1929.” A Compendium of the Modern Practice of Civil, Mechanical, 
Electrical, Marine, Gas, Aero, Mine, and Metallurgical Engineering. Com- 
piled and edited by H. R. Kempe and W. Hanneford Smith. 8vo, 
pp. Ixxvii + 3289. Illustrated. London, 1929: Crosby Lockwood & 
Son. (Price 30s.) [See notice, p. 834.] 


Eyer, P. “Das Verzinnen.”’ 8vo, pp. 8. Illustrated. Halberstadt, 1929: 
Emailletechnische Monatsblatter. (Price 1 mark.) 


Farrpanks, E. E. ‘The Laboratory Investigation of Ores.’ First edition. 
Pp. ix + 262. London, 1928: McGraw-Hill Publishing Co., Ltd. (Price 
17s. 6d.) 


Fox, G. ‘‘ Hlectric Drive Practice.’ 8vo, pp. viii + 421, with 170 figures. New 
York and London, 1928: McGraw-Hill Book Co., Inc. (Price $3.50.) 


Fox, L.M. ‘‘ A Handbook for Oxy-Acetylene Welders.’ Second edition. Pp. 220. 
London, 1928: Allen Liversidge, Ltd. (Price 3s. 6d.) 


Frémont, C. ‘ Essais de Réception des Aciers pour Constructions Meétalliques.” 
(Etudes expérimentales de technologie industrielle. 74¢ Mémoire.) 4to, 
pp. 33, with 48 figures. Paris, 1928: The Author. 


Frimont, C. ‘La Scie.’ (Etudes expérimentales de technologie industrielle. 
77° Mémoire.) 4to, pp. 643-721, with 142 figures. Paris, 1928: The 
Author. 


Freytac, W. “ Beitrag zum Wachsen von grauem Gusseisen unter Berticksichtigung 
der Legierungselemente Nickel und Chrom.” (Aachen, Techn. Hochschule, 
Dr.-Ing.-Diss.) 4to, pp. 10, with 13 figures. Diisseldorf, 1928 : Giesserei- 
Verlag G.m.b.H. 


Frissr, F. W. “ Die Praxis der Herstellung von Hartguss.” (Die Betriebspraxis 
der Hisen-, Stahl- und Metallgiesserei. Hrsg. von Hubert Hermanns. 
H. 6.) 8vo, pp. 76, with 86 figures in text. Halle (Saale), 1928: Wilhelm 
Knapp. 


Grtcmr, C. Herausgegeben von. ‘‘ Handbuch der Hisen- und Stahlgiesseret.” 
Zweite erweiterte Auflage. Band 3: ‘‘ Schmelzen, Nacharbeiten wnd 
Nebenbetriebe.”” 4to, pp. ix + 747. Beilin, 1928: Julius Springer. 
(Price 68.50 marks.) 


842 BIBLIOGRAPHY. 


Gorntz, H. ‘‘ Drehroste und Aschenschiisseln fiir Gaserzeuger.” Berlin-Schéne- 
berg, 1929: The Author. (Price 4 marks.) 


Gorriscu, H. ‘‘ Ueber die Anlassvorgdnge in abgeschreckten Chrom- und Mangan- 
stahlen.”’ (Berichte aus dem Institut fiir Mechanische Technologie und 
Materialkunde der Technischen Hochschule zu Berlin. Hrsg. von P. 
Riebensahm. H. 2.) 8vo, pp. 36, with 27 figures in text. Berlin, 1928: 
Julius Springer. (Price 3.60 marks.) 


Govrituizre, H. pe wa. ‘ Cours dexploitation des mines.” Quatriéme édition, 
revue et considérablement augmentée par J. de Berc. Tome 1. 8vo, 
pp. viii+ 1216. Paris, 1928: Librairie Dunod. (Price 189 francs.) 


Gumiet, L. “ L’Hvolution de la Meétallurgie.’ 8vo, pp. 196. Illustrated. 
Paris, 1928: Librairie Félix Alcan. (Price 15 francs.) 


Haupang, J. S. “Gases and Liquids. A Contribution to Molecular Physics.” 
Pp. xv + 334. Edinburgh and London, 1928: Oliver and Boyd. (Price 
18s.) 


“* Handbuch der Mineralchemie.”’ Herausgegeben von C. Doelter und H.. Leitmeier. 
4 Bd., 14 Lieferung. Pp. 160, with 30 illustrations. Dresden, 1928: 
Theodor Steinkopff. (Price 8 marks.) 


Hartuey, L. A. ‘‘ Hlementary Foundry Technology. With Special Reference to 
Grey Iron and Steel.” London: McGraw-Hill Publishing Co., Ltd. (Price 
15s.) 


Harton, F. H. ‘‘ An Introduction to the Study of Ore Deposits.” 8vo, pp. 117. 
London, 1929: George Allen and Unwin, Ltd. (Price 7s. 6d.) 


Hetnzev, A. ‘‘ Ueber die Vorgdnge beim Walzen von Eisen und Aluminium.” 
(G6ttingen Universitat, Math.- naturw. Diss.) 8vo, pp. 31. Gé6ttingen, 
1927. 


Hesse, F. W. “Der praktische Hisen- und Stahlgiesser.” (Die Werkstatt. 
Bd. 81.) 8vo, pp. viii+ 206. Illustrated. Leipzig, 1929: Bernh. 
Friedr. Voigt. (Price 11 marks.) 


Honpa, K. ‘“ Magnetic Properties of Matter.’ Pp. 256, with 213 illustrations. 
Tokyo, 1928: Syokwabo & Co. (Price 6.80 yen.) 


Honnecer, E., and M. Ros. ‘“ Ueber die Kerbschlagprobe.” (Schweizerischer 
Verband fiir die Materialpriifungen der Technik, Bericht Nr. 5. Dis- 
kussionsbericht Nr. 19, der Eidg. Materialpriifungsanstalt.) 4to, pp. 63. 
Illustrated. Ziirich, 1927. 


Horrer, K. “ Der Hinfluss der Walztemperatur auf Streckung, Breitung und 
Walzarbeit verschiedener Kohlenstoffstdhle bei einer Drahtstrasse.’ (Aachen, 
Techn. Hochschule, Dr.-Ing.-Diss.) 4to, pp. 19, with 21 figures. Diissel- 
dorf, 1928: Verlag Stahleisen m.b.H. 


Horrencer, G. “L’Ancienne Industrie du Fer en Lorraine.’ 8vo, pp. 207. 
Nancy, 1928: Société Industrielle de Est. 


BIBLIOGRAPHY. 843 


““ Hiitte’ : Taschenbuch fiir Betriebsingenieure.” Herausgegeben vom Akadem- 
ischen Verein Hiitte, e.V., und A.Stauch. 3. Auflage. Pp.1215. Berlin, 
1929: Wilhelm Ernst & Sohn. (Price 32 marks.) 


Karnavucuov, M. M. ‘“‘ Metallurgie des Stahls.’ Bd. 2. ‘‘ Martin- und 
kombiniertes Verfahren.” 8vo, pp. 461-602. Petrograd, 1929. 


Kerrer, R., and C. L. McNem. ‘“ Methods in Non-Ferrous Metallurgical 
Analysis.” Prepared for publication by A. Butts. 8vo, pp. xvii + 335. 
New York, 1928: McGraw-Hill Book Co., Inc.; London: McGraw-Hill 
Publishing Co., Ltd. (Price 20s.) 


Kernats, G. ‘ Die Technik elektrischer Messgerdte.’ Band2: ‘‘ Messverfahren.” 
Dritte vollstandig umgearbeitete Auflage. 8vo, pp. viii 416. Munich 
and Berlin, 1928: R. Oldenbourg. (Price 22.50 marks.) 


Keer, J. F. ‘‘ Lectures on Steel and its Treatment.” 8vo, pp. 267. Illustrated. 
Cleveland, Ohio, 1928: Evangelical Press. (Price 3.50 marks.) 


Kersout, H. M. “ Vergleichende Untersuchungen tiber Verfahren zur Bestimmung 
des Verschleisswiderstandes von Stahl.” (Braunschweig, Techn. Hoch- 
schule, Dr.-Ing.-Diss.) 4to, pp. 48, with 53 figures. Dortmund, 1928: 
Stahldruck, Dortmund. 


Kierenpercer, A. “ Die Kunst der Ofenplatten.” Herausgegeben vom Verein 
deutscher Eisenhiittenleute. 4to, pp. 52, with 70 plates and 46 figures 
in the text. Diisseldorf, 1928: Verlag Stahleisen. (Price 22.50 marks.) 
[See notice, Journ. I. and §.I., 1928, No. II. p. 455.] 


Kyackstept, W. “Die mechanischen Higenschaften bei erhéhten Temperaturen 
gezogener Stahldrahte in Abhdngigkeit von dem Ziehgrad, der Bearbeitungs- 
temperatur und dem Kohlenstoffgehalt.” (Aachen, Techn. Hochschule, 
Dr.-Ing.-Diss.) 4to, pp. 60. Illustrated. Diisseldorf, 1928: Verlag 
Stahleisen m.b.H. 


Korzscuxr, P. ‘“‘ Ueber die Korrosion und das Rosten von unlegiertem und legiertem 
Gusseisen.” (Aachen, Techn. Hochschule, Dr.-Ing.-Diss.) 4to, pp. 10, 
with 25 figures. Diisseldorf, 1928: Verlag Stahleisen m.b.H. 


Kraus, E. H., and W. F. Hunrer. “ Mineralogy : an Introduction to the Study 
of Minerals and Crystals.” New (second) edition. 8vo, pp. 604. New 
York, 1928: McGraw-Hill Book Co., Inc. ; London: McGraw-Hill Pub- 
lishing Co., Ltd. (Price 25s.) e 


Krenket, E. “Geologie Afrikas.” (Geologie der Erde, herausgegeben von 
E. Krenkel.) Zweiter Teil. 8vo, pp. xii + 463-1000 +- Tafeln 22-37. 
Berlin, 1928: Gebriider Borntraeger. (Price 45 marks.) 


Krevrzer, ©. “ Beitrdge zu den Systemen Hisen-Silizium, Eisen-Chrom und 
Eisen-Phosphor.”” (Aachen, Techn. Hochschule, Dr.-Ing.-Diss.) 4to, 
pp. 10. Illustrated. Diisseldorf, 1929: Verlag Stahleisen m.b.H. 


Lermmener, O. ‘“‘ Wachsen von Glusseisen.” (Aachen, Techn. Hochschule, Dr.- 
Ing.-Diss.) 4to, pp. 19, with 76 figures in text and 3 tables. Diisseldorf, 
1928: Verlag Stahleisen m.b.H. 


844 BIBLIOGRAPHY. 


Letone, A., and E. Marry. “ Traité Pratique de Fonderie.” Fonte, fonte 
malléable, acier, alliages industriels. (T. 1-3.) 3°¢ éd., 4to. Tome 1, 
pp. 434, with 224 figures and 2 plates. Tome 2, pp. 352, with 330 figures. 
Tome 3, pp. 466, with 154 figures and 3 plates. Paris and Liége, 1928: 
Librairie Polytechnique Ch. Béranger. (Price 350 francs.) 


Listsr, W. “ Practical Steelmaking.” 8vo, pp. xii+ 413. Ilustrated. 
London, 1929: Chapman and Hall, Ltd. (Price 25s.) [See notice, p. 834. ] 


Livrert, H. “ Vergleichende Untersuchungen tiber die Wdrmebehandlung 
eingesetzter Stdhle.” (Dresden, Techn. Hochschule, Dr.-Ing.-Diss.) 8vo, 
pp. 25. Illustrated. Cannstatt, 1929: J. Mann. 


Mamuer, A. “Les combustibles liquides artificiels.” Pp. xiv + 280. Paris, 
1929: Gauthier-Villars et Cie. (Price 30 francs.) 


Mancuester Association oF EncingErS. “‘ Summary of Tests on Cutting 
Capabilities of Lathe Tools.’ 8vo, pp. 24. Manchester, 1928: The 
Association. 


Mantetzt, C. L. “ Industrial Carbon.” (Industrial Chemical Monographs.) 


Svo, pp. ix + 410. New York, 1928: D. Van Nostrand Co., Inc. (Price 
$4.50.) 


Mayer, A. W. “‘ Chemisches Fachworterbuch fiir Wissenschaft, Technik, Industrie, 
und Handel.’ Band I.—‘ Deutsch-Englisch-Franzosisch.” Pp. 826. 
Leipzig, 1929: Verlag von Otto Spamer. (Price 75 marks.) 


Mayer, E. “ Aenderung der Harte und Zugfestigkeit von Flachstahl durch den 
Blankzug.” (Stuttgart, Techn. Hochschule, Dr.-Ing.-Diss.) 4to, pp. 63, 
with 10 tables. Stuttgart, 1928: Jung und Brecht. 


Mayns, C. “ Electricity and Magnetism.” 8vo, pp. vii+ 203. London and 
Toronto, 1929: J. M. Dent & Sons. (Price 3s.) 


“ Mechanik der elastischen Kérper.” Bearb. von G. Angenheister und A. 
Busemann. Redigiert von R. Grammel. (Handbuch der Physik. 
Hrsg. von H. Gerger und K. Scheel. Bd. 6.) 8vo, pp. xii + 632, with 
290 figures. Berlin, 1928: Julius Springer. 


Menarptr, H. “ Die Wandstdrkenberechnung druckbeanspruchter Gefdsse aus 
Schweissstahl, Flussstahl-, Kupfer-, und Aluminiumblech im Apparatebau.” 
~ @=(Monographien zur Chemischen Apparatur. - Begriindet von A. J. Kieser. 


Hrsg. von B. Block. Bd. 6.) 8vo, pp. 61. Illustrated. Leipzig, 1929: 
Otto Spamer. 


Mines Department: Safety in Mines Research Board. Paper No. 50. “ The 
Deterioration of Colliery Winding Ropes in Service, with Descriptions of 
Some Typical Failures.” By 8S. M. Dixon, M. A. Hogan, and J. M. Robert- 


son. 8yvo, pp. 42+ 6 plates. London, 1928: H.M. Stationery Office. 
(Price 1s.) 


Mortey, A. “ Strength of Materials.” Seventh edition. 8vo. London, New 
York, and Toronto, 1928: Longmans, Green & Co. Ltd. (Price 12s. 6d.) 


BIBLIOGRAPHY. 845 


Narran-Larrier, C. “La production sidérurgique de lV Hurope continentale et 
Ventente internationale de Vacier.” 8vo, pp. 352. Paris: Rousseau et Cie. 
(Price 40 francs.) 


Nieperuorr, O. “ Ueber die Hrfassung des spezifischen und absoluten Dampfver- 
brauches von Schmiedehimmern bei Reckschmiedung legierter Stdhle.” 
(Aachen, Techn. Hochschule, Dr.-Ing.-Diss.) 4to, pp. 14, with 19 figures. 
Disseldorf, 1929: Verlag Stahleisen m.b.H. 


Nrenuats, H. “ Ueber den inneren Aufbau der Chromstdhle.” (Freiberg, Berg- 
akademie, Dr.-Ing.-Diss.) 4to, pp. 14, with 12 figures. Diisseldorf, 1928 : 
Verlag Stahleisen m.b.H. 


Osann, B. ‘‘ Leitfaden fiir Giessereilaboratorien.” 3. Auflage. S8vo, pp. vi + 64. 
Tllustrated. Berlin, 1928: Julius Springer. (Price 3.30 marks.) 


Poorman, A. P. “‘ Strength of Materials.” New Second edition. 8vo, pp. 343. 
Tllustrated. London, 1929: McGraw-Hill Publishing Co., Ltd. (Price 
15s.) 


Pures, J., and G. Srauser. ‘ Walzwerkswesen”’ unter Mitarbeit von G. Asbeck, 
E. Buchmann, L. Carle, O. Emicke, H. Esser, H. Fey, O. Hengstenberg, 
C. Holzweiler, K. Hye v. Hyeburg, H. Ilies, O. Johannsen, H. Jordan, 
C. Kiesselbach, M. Kophamel, F. Kérber, F. W. Loh, K. Maleyka, M. Moser, 
A. Noll, P. Oberhoffer, H. Ortmann, E. Peipers, A. Pomp, E. Popp, J. W. 
Reichert, E. Rober, K. Rummel, E. Schreiber, E. H. Schulz, E. Siebel, 
F. W. Siepke, W. Sonnabend, E. K. Weber. Herausgegeben von J. Puppe 
und G. Stauber. Erster Band. (Handbuch des Hisenhtittenwesens, 
herausgegeben im Auftrage des Vereins deutscher Eisenhiittenleute.) 
La. 8vo, pp. xiii + 777, with 941 figures and 15 plates. Dusseldorf, 1929: 
Verlag Stahleisen m.b.H. Berlin: Verlag Julius Springer. (Price 
85 marks, bound.) [See notice, p. 835.] 


Puscumann, G. “Die Grundziige der technischen Warmelehre.” 4. Auflage. 
Pp. 271, with 85 illustrations. Leipzig, 1929: Dr. Max Janecke. (Price 
6.60 marks.) 


Reep, E. L. “ Photomicrographs of Iron and Steel.” With a Foreword by A. 
Sauveur. 8vo, pp. xx + 253. Illustrated. New York, 1929: John 
Wiley & Sons, Inc. London: Chapman and Hall, Ltd. (Price 20s.) 
[See notice, p. 836.] 


Ricuarme, E. “ Laminoirs a fers marchands.” 4to, pp. iv + 174 + 54 plans. 
Paris, 1929: Librairie Dunod. (Price 55 francs.) 


“ Richtlinien fiir das Schweissen von Flussstahl (Flusseisen) wnd Stahlguss.” Hrsg. 
vom Reichsbahn-Zentralamt, Berlin, im Dezember 1927. (Sammlung von 
Schriften fiir die Werkstatten [der] Deutschen Reichsbahn. H. 15.) 
4to, pp. 24. Berlin, 1928. 


Rocers, A. W., A. L. Hatt, P. A. WaGner, and 8S. H. Haventron. “ The Union 
of South Africa.” (‘‘ Handbuch der regionalen Geologie,” herausgegeben von 
G. Steinmann und O. Wilckens. Band 7, Abteilung 74.) 8vo, pp. 232 + 
3 plates. Heidelberg, 1929: Carl Winters Universitaétsbuchhandlung. 
(Price 17 marks.) , 


846 BIBLIOGRAPHY. 


Roasrson, R. “ Practical Hints on Colliery Power Plant : a Practical Handbook 
for Colliery Managers, Colliery, Mechanical, and Electrical Engineers, and 
all interested in the Selection, Installation, and Operation of Power Plant in 
Mining and Other Work.” 8vo, pp. 246. London, 1928: Charles Griffin 
& Co., Ltd. (Price 16s.) 


SavERWALD, F. ‘‘ Lehrbuch der Metallkunde.” 8vo, pp. xvi + 462, with 399 
figures in the text. Berlin, 1929: Julius Springer. (Price 29 marks.) 
[See notice, p. 837.] 


Scuirmr, A. ‘“ Hinrichtung und Betrieb eines Gaswerkes.” Unter Mitarbeit von 
A. Langthaler. 4. Auflage. Pp. 805, with 495 illustrations. Munich 
and Berlin, 1929: R. Oldenbourg. (Price 44 marks.) 


ScuLeepeE, A., and E. Scunerper. ‘“ Rontgenspektroskopie und Kristallstruktur- 
analyse.’ (2 Bde.) 8vo. Bd. 1, pp. viii + 336, with 249 figures and 
57 tables in text. (Price 20 marks.) Bd. 2, pp. iv + 344, with 553 figures 
and 40 tables in text. (Price 24 marks.) Berlin and Leipzig, 1929: 
Walter de Gruyter & Co. 


Scuneti, H. ‘ Der indizierte Wirkungsgrad der Gasmaschine,”’ [also] “‘ Der 
Hinfluss des Wdrmeiberganges auf den indizierten Wirkungsgrad der Gas- 
maschine,”’ von HK. Hecker. (Forschungsarbeiten auf dem Gebiete 
des Ingenieurwesens. Heft 316.) Pp. 34. Illustrated. Berlin, 1929: — 
V.-D.-I. Verlag. (Price 6.50 marks.) 


Scuwarz, O. “‘ Zugfestigkeit und Harte bei Metallen.” (Forschungsarbeiten auf 
dem Gebiete des Ingenieurwesens. H. 313.) 4to, pp. 34. Illustrated. — 
Berlin, 1929: V.-D.-I. Verlag G.m.b.H. (Price 6 marks.) 


SHEarcrort, W. F. F., and C. R. Lewis. ‘‘ A Revision Course in Magnetism and 
Electricity (to Matriculation Standard). 8vo, pp. viii-+ 109. London, 
1929: Sir Isaac Pitman & Sons, Ltd. (Price 2s. 6d.) 


Sisco, F. T. “ Das Elektrostahlverfahren : Ofenbau, Elektrotechnik, Metallurgie 
und Wirtschaftliches.” Nach “ The Manufacture of Electric Steel,” umgear- 
beitet und erweitert von St. Kriz. Pp. ix + 291. Berlin, 1929: Julius — 
Springer. (Price 22.50 marks.) 


Smirn, D. P., and H. K. Minter. “ An Introduction to Qualitative Chemical 
Analysis and the Related Chemical Principles.” (International Chemical 
Series.) 8vo, pp. xii+ 275. New York, 1928: McGraw-Hill Book Co., — 
Inc.; London: McGraw-Hill Publishing Co., Ltd. (Price 11s. 3d.) : 


Socrfré v’Atuminium Frangats. “ L’ Aluminium et ses Alliages.”” 8vo, pp. 124. | 
Illustrated. Paris, 1929. ; 


Socrery or Cuemicat Industry: “‘ Reports of the Progress of Applied Science.” 
Vol. XIIT., 1928. 8vo, pp. 741. London, 1929: The Society. 


Sonntac, R. ‘“‘ Zur Torsion von runden Wellen mit verdnderlichem Durchmesser.” 
Kin Beitrag zur Theorie der Kerbwirkung. (Munich, Techn. Hochschule, 
-Dr.-Ing.-Diss.) 4to, pp. 24. Berlin, 1929: V.-D.-I. Verlag. 


BIBLIOGRAPHY. 847 


Sprers, H. M. “ Technical Data on Fuel.’ London: World Power Conference. 
(Price 10s. 6d.) 


SretiRecat, H. “ Die Belastbarkeit der Walzlager.’ Pp. 98, with 23 figures. 
Berlin: Julius Springer. (Price 9 marks.) 


Stuart, M. ‘“ Low-Temperature Carbonisation (or Distillation) Explained.” 
Pp. 56. London: Mining Publications, Ltd. (Price 4s.) 


STURZENEGGER, P. ‘“‘ Maste und Tiirme in Stahl.” 8vo, pp. 219. Llustrated. 
Berlin, 1929: Wilhelm Ernst & Sohn. (Price 25 marks.) 


““ Taschenbuch fiir Berg- und Hiittenleute.”’ Herausgegeben von F. Kégler. Zweite 
neubearbeitete Auflage. 8vo, pp. xvi-+ 1207. Berlin, 1929: Wilhelm 
Ernst & Sohn. (Price 36.50 marks.) [See notice, p. 836.] 


** Taschenbuch fiir Gaswerke, Kokereien, Schwelereien und Teerdistillationen, 1929.” 
Hrsg. von H. Winter unter Mitarbeit von W. Fitz und L. Alberts. 8vo, 
pp. 604, with 126 figures. Halle (Saale), 1929: Wilhelm Knapp. (Price 
7.20 marks.) 


““ Taschenbuch fiir den Maschinenbau.’ Herausgegeben von H. Dubbel. Fiinfte, 
vollig umgearbeitete Auflage. 8vo, pp. x + 1756, with 2800 figures in 
text. In two volumes. Berlin, 1929: Julius Springer. (Price 26 marks.) 


Turers, M. ‘ L’Emaillage Industriel de V Acier et de la Fonte.” 8vo, pp. 250. 
Paris, 1929: Librairie Dunod. (Price 45.10 francs.) 


Tom, W. T. ‘‘ Petrolewm and Coal—The Keys to the Future.” Pp. 223, with 
40 illustrations. Princeton, 1929: Princeton University Press. (Price 
$2.50.) 


Watruer, L. “ Ueber das elektrische Blankgliihen und seinen Einfluss auf die 
mechanischen und physikalischen LHigenschaften von Stahl.” (Aachen, 
Techn. Hochschule, Dr.-Ing.-Diss.) 4to, pp. 23, with figures in text and 
6 tables. Diisseldorf, 1929: Verlag Stahleisen m.b.H. 


Wasmunt, R. “Ueber die Bestimmung der oxydischen Einschliisse in Eisen und 
Stahl auf ruckstandsanalytischem Wege durch Chloraufschluss.” (Aachen, 
Techn. Hochschule, Dr.-Ing.-Diss.) 4to, pp. 16, with 26 figures. Diissel- 
dorf, 1929: Verlag Stahleisen m.b.H. 


Wercuert, 8. “ Hinfluss der Walz- und Glihtemperatur auf die Festigkeitseigen- 
schaften und das Gefiige von kaltgewalztem kohlenstoffarmem Flussstahl.” 
(Aachen, Techn. Hochschule, Dr.-Ing.-Diss.) 4to, pp. 18. Ilustrated. 
Diisseldorf, 1929: Verlag Stahleisen m.b.H. 


Wogrinz, A. “ Neuere Fortschritte der Galvanotechnik.”’ (Steinach und Buchner : 
Die galvan. Metallniederschlige. Vierte Auflage.) 8vo, pp. iv + 85. 
Berlin, 1929: M. Krayn. (Price 5 marks.) 


“ Year-Book of the Scientific and Learned Societies of Great Britain and Ireland.” 
1927-28. Forty-Fifth Annual Issue. 8vo, pp. 420. London, 1929: 
Charles Griffin & Co., Ltd. 


a _ - 7A 
Bertiged), ao" Aes Ap 
SL | 


( 849 ) 


SUBJECT INDEX. 


[References to the papers read before the Institute are indicated by the word 
Paper following the page number. The letter P. denotes a reference to a 
subject incidentally mentioned in a paper. The letters D. and A. denote 
references to discussions on papers and to the section dealing with abstracts 
respectively. ] 


A. 


ABNORMAL STEEL, solubility of carbon in, 7444. 
Accounts, statement of, 5. 

ACID-RESISTANT ALLOYS, properties of, 8104. 
ACID-RESISTANT CAST IRON, properties of, 810A. 
ACID-RESISTANT STEEL, properties of, 7754. 

Acrps, corrosion of steel in, 8214. 

solution velocity of cast iron in, 8214. 
AGEtne of boiler plate, 785A. 

A.I.B. SINTER PLANT, 89, Paper. 

AiR, oxygenated, use of, in boilers, 6204. 
preheating of, 624A. 

AIRCRAFT CONSTRUCTION, use of alloy steel in, 757A4., 802A. 
AIRCRAFT PARTS, failure of, 802.4. 

heat treatment of, 747A. 

ALASKA, mineral resources of, 603.4. 

ALBERTA, coal in, 600A. 

petroleum in, 600A. 

ALFOL INSULATING SYSTEM, 6184. 

: Atcoma SrTeEeL Co., manufacture of rails by, 776.4. 
plant of, 713A. 

Attoys, acid-resistant, properties of, 810A. 
chromium, development and applications of, 8134. 
corrosion of, 821A. 

heat-resistant, properties of, 8104. 

iron, determination of titanic acid in, 829A. 
iron, magnetic properties of, 8034. 

iron, thermal expansion of, 807A. 
iron-carbon, gases in, 790A. 
iron-chromium-nickel, corrosion-resistance of, 811A. 
iron-manganese, properties of, 807A. 
manganese, cementation of steel by, 742A. 
nickel-iron, oxidation of, 523P. 

tungsten carbide, properties of, 810A. 

_ ALTERNATING STRESSES in steel, 787A. 
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ALUMINIUM, determination of, in steel, 824A., 827A. 

heat-insulating properties of, 6184. 

influence of, on cast iron, 772A% 

influence of deformation and heat treatment on electrical conductivity of, — 
803A. 

ALUMINIUM-COATED SHEETS, use of, 764A. 

ALUMINIUM-SILICON SySTEM, 449P, 

AMALGAMS, liquid, use of, in analysis, 8294. 

AMERICAN RapraTor Co., core-making practice of, 6894. 

foundry plant of, 6924. 

AMERICAN Rotirne-Mi1x Co., bar-plate and strip mills of, 731A. 

AMERICAN STEEL FounpRIns, laboratory of, 8234. 

AMERICAN STEEL AND WIRE Co., rod mills of, 735A. 

AMMONIA GAS, use of, for case-hardening, 746A. 

AMSLER WEAR TESTING MACHINE, 784A. 

ANALYSIS of fuel, 8304. 

of iron and steel, 8244. 

of ores and fluxes, 829A. 

of refractory materials, 8324. 

thermomagnetic, apparatus for, 8044. 

use of liquid amalgams in, 829A. 

ANJOU, iron ore in, 602.4. 

ANNEALING, bright, of steel, 753A. 

of cast iron, 752A. 

of chains, 7534. 

influence of, on high-speed steel, 796A. 

of tubes, 753.4. 

vacuum, of metals, 7534. 

ANNEALING FURNACES, 7394., 7404., 7414. 

use of pulverised coal in, 6384. 

ANNEALING TEMPERATURE, influence of, on cold-rolled steel, 7804. 

ANNUAL DINNER, report of, 581. 

Annuat Meetina, proceedings of, 1. 

ANSHAN IRON AND StHEL Works, plant of, 677A. 

ANVILS, manufacture of, 693.4. 

ApatiTE, recovery of, from iron ore, by flotation, 607A. 

ARMCO IRON, manufacture and properties of, 774A. 

specific gravity of, 7494. 

ARMOUR PLATE MILLS, power requirements of, 7244. 

Asu, determination of melting point of, 6214. 

influence of, on coke consumption in blast-furnace, 75D., 78D., 654A. 

ASTA, mineral resources of, 603.4. 

ASSOCIATES, election of, 5. 

ASTON PROCESS for production of wrought iron, 673A. 

ATMOS BOILER, 622A. 

Aucust-Tuyssen-Htrre, strip mills of, 731A. 

AUSTENITE, decomposition of, 7484. 

transformation of, into martensite in carbon steel, 427, Paper. 

AustratiA, blast-furnaces in, 6644. 
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AUSTRALIA, coal in, 6014. 

AUSTRALIAN IRON AND STEEL, Lrp., blast-furnace plant of, 6644. 
AUSTRIA, iron ore in, 6024. 

AUTOGENOUS WELDING, 755A. 

AUTOMOBILE AXLES, production of, 7414. 
AUTOMOBILE ENGINES, use of cast iron for, 770A. 
AUTOMOBILE PARTS, stamping of, 7224. 

tests of, 8014. 

welding of, 7554. 

AUTOMOBILE SHEETS, American, grades of, 8014. 
manufacture and properties of, 7324. 
AXLE HOUSINGS, production of, 6944. 

AXLES, production of, 7414. 


B. 


Baxscock-WILCOX BOILER, 6224, 

BaLKAns, coal in, 602A. 

Bamac-MEGUIN COAL CLEANING PROCESS, 634.4. 

Bak PLATE MILLS, 731A. 

BaRIuM OxIDs, influence of, on desulphurising power of blast-furnace slag, 670A. 
Bars, loaded, changes in cross-section of, 775.4. 
protection of, from rust, 765.4. 

Barron Steet Co., rolling-mills of, 730A. 

Basic BeSSEMER PROCESS at Kerch Works, 700A. 
Basic BESSEMER STEEL, properties of, 795A. 

Basic OPEN-HEARTH PROCESS, elimination of unreduced oxides in, 7054. 
function of silicon in, 7044. 

sulphur in, 706A. 

yields in, 707A. 

Basic OPEN-HEARTH STEEL, oxygen content in, 706A. 
BASIC SLAGS, constitution and structure of, 713A. 
Bzams, broad-flanged, manufacture of, 729A. 
BEARINGS, anti-friction, use of, in rolling-mills, 7284. 
roller, fatigue of, 788A. 

roller, use of, in blast-furnace equipment, 6664. 
roller, use of, in rolling-mills, 728A. 

BECKER COKE-OVEN, 640A4., 6414. 

BEND STRENGTH of cast iron, 768A. 

BENSON BOILER, 622A. 

BrssEMER MEDAL, award of, 24. 

BESSEMER PROCESS at Kerch Works, 700A. 

BESSEMER STEEL, basic, properties of, 795A. 
BETHLEHEM STEEL Co., manufacture of wrought iron by, 6734. 
nut-making plant of, 7214. 

rolling-mill plant of, 7344. 

BIBLiIoGRAPHY, 838. 

of blast-furnace gas cleaning, 72P. 

of blast-furnace practice, 70P, 
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BispLioGRAPHY of erosion of guns, 162P. 

of growth of cast iron, 773A. 

— of heat treatment, 746A. 

——_ of notched-bar impact tests, 779A. 

—— of oxygen enrichment of blast, 73P. 

of roll manufacture, 692A. 

BrrurncHam ALUMINIUM CastING Co., foundry plant of, 697A. 
Buast, oxygen enrichment of, 68P. 

oxygen enrichment of, bibliography, 73P. 

use of silica gel for drying, 79, Paper. 

BLAST-FURNACE, blowing plants for, 63P. 

charging of, 56P., 6654. 

development of, in Styria, 6774. 

direct castings from, 6694. 

economic position of, 6674. 

electric clay gun for, 666A. 

explosions in, 670A. 

heat balance of, 669A. 

influence of ash on fuel consumption in, 75D., 78D., 654A. 
origin of round hearths in, 74D. 

production of high-alumina slags in, 670A. 

recording instruments for, 67P. 

selection and preparation of materials for, 50P. 

theory of, 668A. 

turbo-blowers for, 6664. 

use of scrap in, 6694. 

value of clean coke in, 6534. 

BLAST-FURNACE GAS, cleaning of, 61P: 

cleaning of, bibliography, 72P. 

use of, 659A. 

use of, in coke-ovens, 659A. 

use of, in gas engines, 6624. 

use of, in reheating furnaces, with pulverised coal, 6234. 
BLAST-FURNACE LINES, 58P. 

BLAST-FURNACE LININGS, destruction of, 614A. 

refractory bricks for, 6144. 

BLAST-FURNACE PLANT in Australia, 664A. 

layout of, 65P. 

in Manchuria, 677A. 

in United States, 664A. 

use of ropeways in, 6664. 

BLAST-FURNACE PRACTICE, 47, Report. 

bibliography of, 70P. 

in Germany, 667A. 

influence of, on quality of castings, 698A. 

relation between, and properties of cast iron, 669A. § 
in United States, 664A. ei 
BLAST-FURNACE PROCESS, 667A. ; 
BLAST-FURNACE SLAGS, high-alumina, production of, 6704. 
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BLAST-FURNACE SLAGS, influence of barium oxide on desulphurising power of, 6704. 
——-— suitability of, as manure, 6724. 

tests of bricks of, 6124. 

use of, for cement, 672A. 

use of, for concrete, 671A. 

BLAST-FURNACE STOVES, 59P. 

Hartmann spiral bricks for, 6164. 

heating of, 6654. 

insulation of, 616A. 

loss of pressure and temperature in cold-blast mains of, 670A. 
preheating of air for, 665.4. 

Buaw-Kwox poor Horst for open-hearth furnaces, 700A. 

BLENDING of coal, 6214. 
BLOOMING-MILLS, 734A. 

transfer table for, 736A. 
Buooms, reheating furnace for, 717A. 
BLOWING PLANTS for blast-furnaces, 63P. 
BLUE-BRITTLENESS, influence of phosphorus on, 481P. 

BoOcCHUMER STAHLINDUSTRIB, strip mills of, 7314. 

Borer DRuMs, forging of, 7214. 

riveted, manufacture of, 757A. 

BoImeER PLATE, ageing of, 785A. 

BOILER PRACTICE, 622A. 

BOILER TUBES, corrosion of, 8194. 

Boivers, design of, 622A. 

domestic, casting of, 692.4. 

failure of, 801A. 

use of oxygenated air in, 620A. 

use of pulverised coal under, 622A., 6384. 

Botts, manufacture of, 721A. 

Books, notices of, 833. 

BRACKELSBERG FURNACE for manufacture of malleable cast iron, 637A., 695A. 
BRaNnpD SysteM of pulverised fuel firing, 639A. 

Brass, etching of, 805A. 

melting point of, 155P. 

Brazine in atmosphere of hydrogen, 7564. 

BRIEDE CENTRIFUGAL CASTING PROCESS, 694A, 

BRIQUETTING of coal, 639A. 

British Cotumsta, petroleum in, 600A. 

British Empire, mineral resources of, 600A. 

BriTrLensess, blue, influence of phosphorus on, 481P. 

in mild steel, 473, Paper. 

notch, effect of velocity of test on, 778A. 

temper, 745.4. 

Bronze, etching of, 805A. 

BULGARIA, coal in, 602A. 

BuNrTE AND Baum PRocgss for determination of melting point of ash, 621A. 
BUSSEY LOW-TEMPERATURE CARBONISATION PROCESS, 650A, 

BUTTNER BOILER, 622A. 
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C. 


CABLES, failure of, 799A. 
tests of, 799A. 
CapmtuM, electrodeposition of, 7614. 
CAHOKIA PownR Station, pulverised fuel plant at, 639.4. 
CALORIFIC VALUE of fuel, 619A. 
CANADA, Coal in, 6004. 
coke-ovens in, 6414. 
foundries in, 697A. 
fuel situation in, 631A. 
oil and gas in, 600A. 
peat in, 6004. 
steelworks in, 7134. 
CANTIENY LOW-TEMPERATURE CARBONISATION PROCESS, 648A. 
CaRBON, determination of, in cast iron, 824A. 
determination of, in fuel, 830A. 
determination of, in steel, 824A. 
influence of, on cast iron, 770A. 
influence of, on corrosion of steel, 8194. 
——_ influence of, on steel, 791A. 
—— reactivity of, 621A. 
——— solubility of, in steel, 744A. 
variations of, in cupolas, 679A. 
CARBON BALANCE of metallurgical furnaces, 7024. 
CARBON MONOXIDE, action of, on blast-furnace linings, 6144. 
CARBON STEEL, decarburisation of, 742A. 
etch figures in, 806A. 
hardness of, 7834. 
heat treatment of, 7464. 
influence of rolling temperature on, 726A. 
internal stresses in, 790A. 
machinability of, 797A. 
—_—— magnetic investigations of, 803A. 
——— melting point of, 155P. 
properties of, 217P. 
properties of, at high temperatures, 786A. 
——— solidus and liquidus ranges of, 330P. 
specific resistance of, to deformation, 719A. 
transformation of austenite into martensite in, 427, Paper. 
CARBONISATION, influence of inorganic materials on, of lignite, 646.4. 
influence of moisture in coal on, 645A. 
low-temperature, aqueous liquors from, 652.4. 
low-temperature, of coal, 647A. 
mechanism of, 645A. 

CARBURISING COMPOUNDS, use of ferro-alloys in, 7424. 
_ CARINTHIA, iron ore in, 6024. 

CARNEGIE MEDAL, award of, 26. 
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CARNEGIE RESEARCH GRANTS, award of, 28. 

CARNEGIE STEEL Co., coke-oven plant of, 6414. 

manufacture of rails by, 7764. 

CASE-HARDENED PARTS, measurement of depth of cases in, 561, Paper. 
CASE-HARDENED STEEL, abnormality in, 7444. 
CASE-HARDENING, distortion in, 7434. 

of steel, 742.4. 

use of ammonia gas under pressure for, 7464. 

use of nitrogen for, 7444. 

CASE-HARDENING FURNACES, 7404. 

Cast ron, acid-resistant, properties of, 810A. 

alloy, manufacture and properties of, 684A. 

alloy, use of, for tubes, 693A. 

American specification for, 802A. 

analysis of, 8244. 

annealing of, 752A. 

bend strength of, 7684. 

compressive strength of, 7684. 

constitutional diagrams for, 443, Paper. 

corrosion of, 8174., 818A. 

desulphurisation of, 680A. 

enamelling of, 7664. 

eutectic, 770A. 

fatigue tests of, 7694. 

graphite in, TI3A. 

growth of, 7 72A. 

growth of, bibliography, THEVANE 

heat treatment of, 7694. 

high-duty, manufacture and properties of, 6824. 

______ influence of aluminium on, 772A. 

influence of carbon in, 770A. 

influence of copper on, 7714. 

influence of nickel and chromium on, TTA. 

influence of oxygen on, 7 70A. 

influence of repeated heating and cooling on, 7744. 

F: influence of silicon on, 770A. 

influence of span on transverse tests of, 767A. 
machinability of, 7704. 

# magnetic and electrical properties of, 8034. 

E. malleable. See Malleable cast iron. 

perlit, properties of, 113A. 
properties and tests of, 767A. 
relation between properties of, a 
shear tests of, 768A. 
solution velocity of, in acids, 821A. 
specifications for, 7704.., 802A. 

sponginess in, 699A. 

synthetic, manufacture of, in electric furnace, 682A. 
thermal conductivity of, 7734. 
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Cast IRON, use of, for automobile engines, 770A. 

use of, for structural purposes, 7694. 

welding of, 7544. 

white, shrinkage in, 6984. 

CAST STEEL, properties of, at high temperatures, 7874. 

structure of, 8084. 

CastINnG, centrifugal, 693A. 

Castines, alloy steel, production of, 6944. 

chilled, influence of casting temperature on, 699A. 

— chilled, production of, 692A. 

——— cleaning of, 6854. 

— cooling phenomena and defects in, 6984. 

——— design of, in relation to tests, 767A. 

direct, 669.4. 

enamelling of, 7664. 

—— grinding of, 697A. 

— influence of blast-furnace practice on quality of, 669A4., 6984. 
—— internal stresses in, 698A. ‘ 
—— runners and risers for, 6864. ‘ 
——— semi-permanent moulds for, 686A. 

——— steel, American specifications for, 802A. 

steel, contraction in, 6984. 

steel, heat treatment of, 7464. 

steel, thermal cracks in, 699A. 

surface conditions of, 688A. 

CaTHODES, penetration of hydrogen into, 7624. 

CEMENT, use of blast-furnace slag for, 672A. 

CEMENTATION, metallic, of steel, 742A. 

CENTRIFUGAL CASTING, 693A. 

CHAINS, annealing of, 753A. 

tests of, 799A. 

use of alloy steel for, 693A. 

welded, manufacture of, 757A. 

CHECKER WORK for regenerator chambers, 616A. 

CHEVROLET FOUNDRY, plant of, 697A. 

CHILLED CASTINGS, influence of casting temperature on, 699A. 
production of, 692A. ; 
CHILLED ROLLS, breakage of, 7284. - 
production of, 6924. 

turning of, 727A. 

Cutina, coal in, 6034. 

CHRISTIANS STEAM ACCUMULATOR, 623A. 

CHROME ORE, analysis of, 8294. 

CHROME ORE DEPOSITS in Rhodesia, 6014. 
CuRromivM, electrodeposition of, 760.4. 

electrolysis of, 6744. 

influence of, on cast iron, 771A. 

influence of, on corrosion of steel, 819A. 
influence of, on silicon-manganese steel, 7944. 
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CHROMIUM ALLoys, development and applications of, 8134. 
CHROMIUM-ALUMINIUM STEEL, properties of, 792A. 

CHROMIUM-COPPER STEEL, properties of, 8134. 
CHROMIUM-MOLYBDENUM STEEL, use of, in aircraft construction, 757A. 
CHROMIUM-NICKEL-MOLYBDENUM STEEL, properties of, 792.4. 
CHROMIUM-NICKEL STEEL, properties of, 7924. 

CHROMIUM-SILICON STEEL, influence of quenching and tempering on, 7484. 
CHROMIUM STEEL, determination of sulphur in, 825A. 

machinability of, 797A. 

properties of, 217P., 792.4., 810A. 

specific resistance of, to deformation, 7194. 

transformation in, 8084. 

CHROMIUM-TUNGSTEN STEEL, specific resistance of, to deformation, 7194. 
Coat, active decomposition point of, 630A. 

analysis of, 8304. 

bituminous, utilisation of, 6404. 

blending of, 6214. 

briquetting of, 639A. 

chemical utilisation of, 6314. 

cleaning of, 633A. 

coking phenomena of, 645.4. 

—— coking properties of, 653A. 

composition of, 6304. 

——— constitution and classification of, 6304. 

determination of heating value of, in nickel-lined bombs, 6314. 
examination of, by ultra-violet rays, 6294. 

examination of, by X-rays, 629A. 

grading and sampling of, 6324. 

ignition temperatures of, 6214. 

influence of moisture in, on carbonisation, 6454. 

influence of pre-oxidation of, on distillation, 645.4. 

Japanese, properties of, 603A. 

liquefaction of, 662A. 

low-temperature carbonisation of, 647A. 

microscopic examination of, 629A. 

microstructure of, 629A. 

—— oil-yielding constituents of, 630A. 

phosphorus content of fusain in, 630A. 

physico-chemical properties of, 630A. 

pulverised, low-temperature carbonisation of, 650A. 
pulverised, turbulateur burner for, 620A. 

pulverised, use of, 636A. 

pulverised, use of, under boilers, 6224. 

pulverised, use of, in cupolas, 683A. 

pulverised, use of, in reheating furnaces, with blast-furnace gas, 623A. 
relation between specific gravity and ash contents of, 632A. 
relation between volatile matter and yield of coke, 646A. 
relief polishing of, 629A. 

screening of, 633A. 
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Coat, spontaneous combustion of, 6324. 

sulphur in, 6204. 

washability tests of, 6344. 

washing of, 635A. 

COAL ASH, composition of, 620A. 

influence of, on coking process, 620A. 

influence of, on refractory bricks, 611A. 

CoAL DEPOSITS in Balkans, 602A. 

in Canada, 600A. 

in China, 603A. 

in Czechoslovakia, 6024. 

in India, 6014., 6024. 

in Queensland, 6014. 

in United Kingdom, 600A. 

in United States, 6034. 

CoaL WASHERS, control and regulation of, 634A. 

COALITE LOW-TEMPERATURE CARBONISATION PLANT, 651A. 
Coatine of metals, 760A. 

CoaTINGs, protective, porosity of, 766A. 

Copaut, determination of manganese in presence of, 825.4. 
Coxg8, clean, value of, in blast-furnace, 653.4. 

dry cooling of, 6474. 

foundry, manufacture of, 6464. 

foundry, properties of, 655.4. 

influence of ash on consumption of, in blast-furnace, 6544. 
porosity of, 6544. 

preparation of, for blast-furnaces, 53P. 

reactivity of, 6544. 

relation between volatile matter in coal and yield of, 646A. 
semi-, properties of, 655A. 

CoKE-OVEN GAS, petroleum wash-oil thickening in scrubbing of, 6584. 
transmission of, 659A. 

use of, 659A. 

COKE-OVEN MACHINERY, 643A. 

COKE-OVEN PLANT in Canada, 6414. 

in Germany, 6414. 

in United Kingdom, 640A. 

in United States, 6414. 

CoKE-OVENS, balanced draft, 644.4. 

drying and heating of, with oil fuel, 647A. 

—-— insulation of, 6164. 

refractory mortar for, 6144. 

regulation of gas in, 646A. 

requirements of silica bricks for, 6144. 

systems of heating, 6444. 

thermal control of, 646A. 

thermal efficiency of, 6454. 

use of blast-furnace gas in, 659A. 

CoKING PHENOMENA of coal, 645A. 
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CoKING PRACTICE, 640A4., 6444. 

in United States, 6444. 

CoxKInG PROCESS, influence of coal ash on, 6204. 

COKING PROPERTIES of coal, 6534. 

CoLp-pRawWING, changes in steel during, 7824. 

power requirements for, 736A. 

CoLD-DRAWN WIRE, properties of, 7984. 

COLD-ROLLED METALS, properties of, 7814. 

CoLD-ROLLED SHEETS, influence of annealing temperature on, 780A. 
COLD-ROLLED STEEL, influence of rolling and annealing temperatures on, 780A. 
COLD-ROLLED STRIP, manufacture of, 730A. 

CoLD-ROLLING, efficiency of, 727A. 

roll pressure and work in, 724A. 

COLD-ROLLING MILLS, 730A. 

COLD-WORKED IRON, specific gravity of, 749.4. 
CoLD-WORKING, change in specific volume of steel by, 782A. 
hardening by reheating after, 7844. 

influence of, on corrosion of iron and steel, 8184. 
COLLOIDAL THEORY of rusting, 8154. 

CoLumBta STEEL CoRPORATION, tinplate mills of, 732.4. 
ComBusTIoNn, control of, 622A. 

of fuel, 619.4. 

influence of coal ash on, 6204. 

oxygen enrichment of air for, 6204. 

spontaneous, of coal, 6324. 

turbulence and vibrations in, 620A. 


- CompBustion ENGINEERING Co. BOILER, 622A. 


CoMPRESSION of cast iron, 768A. 

CoNnCRETE, use of blast-furnace slag for, 671A. 

Conpvctrvity, electrical, influence of deformation and heat treatment on, of 
metals, 8034. 

thermal, of cast iron, 773A. 

thermal, of steel, 774A. 

CoNSTITUTIONAL DIAGRAMS for cast irons and quenched steels, 443, Paper. 

CONTRACTION in ingots, 7164. 

in steel castings, 698A. 

CoNVERTER BOTTOMS, durability of rammed and jolted, 615A. 

Coo.ine, surface, of steel, 751A. 

Corrrr, detection of, in presence of iron, 8284. 

determination of, in steel, 8244. 

influence of, on cast iron, 771A. 

influence of deformation and heat treatment on electrical conductivity of, 

8034. 

melting point of, 155P. 

use of, as core material in manufacture of drill steel, 729A. 

CorreER STEEL, corrosion resistance of, 8144. 

properties of, 793A. 

CorE-OVENS, 6894. 

Corgs, baking of, 6894. 
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Corgs, oil-sand, production of, 689A. 
production of, 688A. 

tests of, 690A. 

CoRROSION of cast iron, 8184. 
colloidal theory of, 815A. 


influence of cold-working on, of iron and steel, 8184. 
influence of elements on, of steel, 819A. 
influence of protective films on, 8164. 

of iron in sodium chloride solution, 820A. 

of lacquered steel, 821A. 

of metals, 813A. 

CORROSION FATIGUE of metals, 817A. 
CORROSION-RESISTANT STEEL, properties of, 775A4., 811A. 
CORROSION TESTS, preparation of specimens for, 8144. 
of ship plates, 8134. 

Cost of production of steel, 710A. 

CorrRELu-M6LLER PLANT for cleaning gas, 657A. 
CorrRELL System of cleaning gas, 658A. 

Councit, Report of, 7. 

CoupPLines, fatigue of, 787A. 

for rolling-mills, 735A. 

CRANKSHAFTS, vanadium steel, manufacture of, 720A. 
CREEP STRENGTH of nickel-chromium steel, 7774. 
CRUCIBLES, magnesia and silica, production of, 615A. 
CRYSTALS, orientation of, 810A. 

single, properties of, 782A. 

CUPOLA LININGS, monolithic, 6154. 

CUPOLA PRACTICE, 678A. 

use of chill tests in, 680A. 

CUPOLAS, air control in, 6814. 

carbon variations in, 679A. 

charging of, 682A. 

control of, 679A. 

fuel economy in, 680A. 

design of, 678A. 

height of, 6784. 

hot-blast, 681A. 

iron losses in, 680A. 

requirements of refractory materials for, 6144. 
use of pulverised coal in, 6834. 

use of scrap in, 680A., 6834. 

use of water injection in, 6784. 
CUPRO-NICKEL, etching of, 805A. 

CurtErs, heat treatment of, 750A. 

CYANIDE HARDENING of steel, 743A. 

CYLINDERS, gas, tests of, 799A. 

— moulding of, 693A. 

CZECHOSLOVAKIA, ironworks in, 676A. 

mineral resources of, 6024. 


influence of brackish water on, of iron and steel, 820A. 
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DALMARNOCK GASWORKS, carbonisation plant at, 6524. 
DECARBURISATION of carbon steel, 7424. 
DECARBURISERS, effect of, in open-hearth process, 706A. 
DEFORMATION, influence of, on electrical conductivity of metals, 8034 
internal changes in metals during, 782A. 

— mechanism of, 7814. 

specific resistance of steels to, 7194. 
DEGASIFICATION of metals, 760A. 

Density of molten steel, 358, Report. 

DEOXIDATION of steel with silicon, 704A. 

DEOXIDISED STEEL, structure of, 7444. 
DESULPHURISATION of cast iron, 680A. 

of electrolytic iron, 675A. 

Draspore, properties of, 6114. 

Draromire, properties and uses of, 617A. 

Dri& BLOCKS, manufacture of, 719A. 

DIESEL ENGINES, centrifugal castings for, 693.4. 
production of castings for, 692A. 

Dinas Bricks. See Refractory bricks. 

DIRECT CASTINGS, 6694. 

DIRECT PROCESSES, 6734. 

DISTILLATION, influence of pre-oxidation of coal on, 645.4. 
DoOVEL BLAST-FURNACE, 665A. 

Drawina, cold, changes in steel during, 782A. 

cold, power requirements of, 7364. 

efficiency of, 727A. 

DRILL STEEL, use of copper as core material in manufacture of, 729A. 
DRILL STEMS, rotary, forging of, 720A. 

Dritu Test for determining machinability, 785.4. 
DRiLxs, twist, heat treatment of, 750A. 

use of alloys for, 7584. 

DROP-FORGING PRACTICE, 719A. 

Drop-FoRGINGS, heat treatment of, 746A. 

preparation of steel for, 719A. 

Dryine of moulding sand, 6914. 

DUFFIELD DIRECT PROCESS, 673A. 

DUFFIELD GASIFICATION PROCESS, 657A. 
Dunston-uPON-TYNE, carbonisation plant at, 6514. 
Dupiex process for manufacture of malleable cast iron, 695.4. 
DURFERRIT HARDENING FLUX, 743A. 

Dire BOILER, 622A. 

DYNAMO SHEETS, magnetic testing of, 8044. 


E. 


EHN’S CEMENTATION TEST, 744A. 
EKOF COAL CLASSIFIER, 635A. 
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Exastic Limrr of steel at high temperatures, 7874. 

ELEcrRi¢ DRIVING of rolling-mills, 7334. 

ELECTRIC FURNACE LININGS, durability of, 615.4. 

ELECTRIC FURNACE PRACTICE, 710A. 

ELECTRIC FURNACES, arc, equipment of, 7124. 

design of, 6724. 

high-frequency, 7124. 

——— high-frequency, production of magnesia and silica crucibles in, 6154. 

—— induction, 711A. ? 

——— manufacture of alloy steel in, 7104. 

manufacture of synthetic cast iron in, 6824. 

resistance, operation of, 711A. ‘ 

use of scrap in, 680A. - 

use of sponge iron in, 7124. ? 

ELECTRIC HEAT-TREATMENT FURNACES, 739A. ; 

ELECTRIC SMELTING of iron ore, 672A. 

ELECTRIC WELDING, 7544. 

ELECTRICAL CONDUCTIVITY, influence of deformation and heat treatment on, of 
metals, 8034. 

ELECTRICAL PROPERTIES of iron and steel, 8034. 

ELECTRICAL PROSPECTING, 604A. 

ELECTRODEPOSITION of metals, 760A. 

ELECTRODES, iron, treatment of, for corrosion experiments, 8144. 

ELECTRO-FILTERS for removing dust from coal dryers, 6364. 

ELECTRO-GALVANISING of strip and wire, 7634. 

ELnuctro.ysts of metals, 674A. 

ELECTROLYTIC rRoN, cold-rolled, properties of, 781A. 

desulphurisation of, 675.4. 

manufacture of, 6744. 

ELECTROLYTIC PICKLING, 197P. 

ELONGATION, percentage, variation of, with size of test-piece, 7754. 

Emi Couirery, coke-oven plant at, 6424. 

Emiyn ANTHRACITE CoLuinry, coal-washing plant at, 635A. 

ENAMELLING of metals, 765A. 

ENDURANCE of steel, 788A. 

ENDURANCE LIMITS, determination of, 7874. 

ENDURANCE TESTING MACHINES, 788A. 

ENDURANCE TESTS of laminated springs, 8014. 

ENGINE CYLINDERS, moulding of, 6934. 

Eroston of guns, 118, Paper. 

of guns, bibliography, 162P. 

Erce FIGURES in carbon steel, 806.4. 

Ercu rest for steel, 806A. 

Ercuine of metals, 805A. 

ETcHING AGENTS, 8064. 

Europes, mineral resources of, 6024. 

Expansion, thermal, of fireclay bricks, 6104. 

thermal, of iron alloys, 8074. 

Exp osions in blast-furnaces, 670A. 
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FatIGu®, corrosion, of metals, 817A. 

of metals, 7884. 

of spring steels, 242P. 

FATIGUE TESTING MACHINES, 7884. 

FatiGue TESTS of cast iron, 7694. 

of spring steels, 226P. 

Ferrite, Neumann bands in, 8094. 

FrrRo-ALLoys, determination of silicon in, 8284. 
use of, in carburising compounds, 7424. 
FERRO-VANADIUM, determination of vanadium in, 826A. 
FERRO-ZIRCONIUM, estimation of zirconium in, 792A. 
FERROUS OXIDE-SILICA SYSTEM, 704A. 

FERROUS SILICATES in steel, 704A. 

FERROXYL INDICATOR, 823A. 

FIREcLAY BODIES, crushing strength of, 6124. 
Frrecuay Bricks. See Refractory bricks. 

Fxvuips, laws of motion of particles in, 634A. 
Fruorspar, analysis of, 830A. 

ForGE FURNACES, use of pulverised coal in, 6384. 
FORGED STEEL, safe stress limits for, 719A. 
ForGING HAMMERS, design of, 719A. 

steam consumption of, 719A. 

Foraging MACHINES, 718A. 

ForGmiInG PRACTICE, 718A. 

Foreinas, manufacture of ingots for, 704A. 

rotor, properties of steel for, 720A. 
Founpptgs, materials handling in, 697A. 

Founpry COKE, manufacture of, 646A. 

properties of, 655.4. 

Founpry PLANT, 696A. 

FouNnpDRY PRACTICE, 678A. 

Fracture, formation of angle of, 7814. 

FrRancz, electric furnaces in, 711A. 

iron ore in, 602A. 

tinplate industry of, 6754. 

FREEMAN LOW-TEMPERATURE CARBONISATION PROCESS, 651 4. 
FREUND STEEL, properties of, 7944. 

FvEL, analysis of, 830A. 

calorific value of, 6194. 

Fur, combustion of, 619A. 

consumption of, in metallurgical works, 6224. 
consumption of, in reheating furnaces, 624A. 
ignition temperatures of, 6214. 

properties and uses of, 619A. 

pulverised. See Coal, pulverised. 

reactivity of, 6214. 

FuRNACE ATMOSPHERES, effect of, on steel, 739A. 
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Furnaces, heat treatment. See Heat-treatment furnaces. 
metallurgical, carbon balance of, 7024. 

reheating. See Reheating furnaces. 

tests of, 6234. 

Fusatn, phosphorus content of, 630A. 


G. 


GALVANISED COATINGS, white spots on, 7634. 
GALVANISED SHEETS, corrosion of, 817A. 
GALVANISED TANK, corrosion of, 819A. 
GALVANISED TUBES, defects in, 763A. 
GALVANISING, electro-, of strip and wire, 763A. 
of sheets, 763.4. 

GALVANISING FURNACES, combustion in, 763A. 
GALVANISING PoTs, dross in, 7634. 

GARBE BOILER, 622A. 

Gas, analysis of, 831A. 

blast-furnace. See Blast-furnace gas. 
coke-oven. See Coke-oven gas. 
transmission of, 659A. 

GAS CYLINDERS, tests of, 799A. 

GAS ENGINES, production of castings for, 6924. 
use of blast-furnace gas in, 6624. 

Gas INDUSTRY, requirements of refractory materials for, 613A. 

Gas Licut AND CoKs Co., carbonisation plant of, 651A. 

Gas-pRoDUCERS. See Producers. 

GASEOUS FUEL, 655A. 

combustion of, 6194. 

influence of preheating on combustion of, 6254. 

GASEOUS MIXTURES, chemical preparation of, 6214. 

Gass, calorific value of, 6194. 

cleaning of, 657A. i 
determination of, in metals, 8284. : 
determination of nitrous oxide in, 8314. .: 
flow of, through packed columns, 6284. 

in iron-carbon alloys, 7904. 

GEARS, production of, 758A. 

GERBER HARDNESS TESTER, 7834. 

GERMANY, blast-furnace practice in, 667A. 

coke-oven plants in, 641A. 

electric furnaces in, 7114. 

——— low-temperature carbonisation in, 649A. 

——— open-hearth practice in, 702A. 

—— strip mills in, 731A. 

——— supply of raw materials for iron industry of, 675A. 
transmission of coke-oven gas in, 659A. 
utilisation of gaseous fuel in, 6604. 

GIRDERS, broad-flange, manufacture of, 729A. 
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| Guiascow Mnxrtine, proceedings of, 42. 

Goxp Coast, mineral resources of, 6014. 

GOOSSENS SYSTEM of powdered coal firing, 636.4. 
GRADING of coal, 632.4. 

of minette ore, 6064. 

GRAIN-SIZE, influence of, on toughness of steel, 785.4. 
GRAPHITE in cast iron, 773.4. 

Graviry, specific, of refractory materials, 6104. 
GRINDING of castings, 6974. 

GrowTH of cast iron, 7724. 

Gusst, Knen AND NErrLEroups, LrD., sinter plant of, 89, Paper. 
GuLF States STEEt Co., plant of, 7144. 

power plant of, 622.4. 

rod mills of, 735.4. 

Gun TUBES, cracking of, 121P. 

Guns, erosion of, 113, Paper. 

erosion of, bibliography, 162P. 


A. 


HAGAN SYSTEM of combustion control, 6224. 

HaMiILton CoKE AND JRon Co., blast-furnace plant of, 6644. 

coke-oven plant of, 641.4. 

HARDENING, cyanide, of steel, 743.4. 

of high-speed steel, 797.4. 

hump method of, 7514. 

——\— influence of, on high-speed steel, 7964. 

——— by reheating after cold-work, 7844. 

——— of steel, 751A., 806A. 

—_—— of steel in salt baths, 7434. 

——— theory of, 783A. 

———- Wild-Barfield method of, 751A. 

——— work-, of steel, 751A. 

Harpness, influence of quenching and tempering on, of chromium-silicon steel, 
748A. ; 

measurement of, on flow figures of tensile test-pieces, 7764. 

——— of metals, 783A. 

—-—— of steel at high temperatures, 7874. 

HARDNESS TESTS, 7834. 

of case-hardened parts, 561P. 

HARTMANN SPIRAL BRICKS for blast-furnace stoves, 6164. 

Havre-Lorre CoLiieries, coal-washing plant at, 6354. 

Haat, latent, effect of, on solidification of ingots, 364, Report. 

specific, of iron and steel, 7744. 

—- transmission of, by convection, 6244. 

Haar BALANCE of blast-furnace, 669A. 

of open-hearth furnaces, 6264. 

Haart Economy of open-hearth furnaces, 7014. 

HEAT-RESISTANT ALLOYS, properties of, 8104. 
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HEAT TREATMENT of cast iron, 7694. 

——— of high-speed steel, 797A. 

influence of, on electrical conductivity of metals, 803.4. 

—_—— influence of, on erosion of guns, 143P. 

——— influence of, on iron and steel, 7494. 

influence of, on spring steels, 219P. 

——— of iron and steel, 7464. 

—-— of iron and steel, bibliography, 7464. 

——— of malleable cast iron, 6964. 

HEAT-TREATMENT FURNACES, 739A. 

HERENG LOW-TEMPERATURE CARBONISATION PROCESS, 648A. 

HETEROGENEITY of steel ingots, 305, Report, 774A. 

HIGH-SPEED STEEL, German, composition of, 797A. 

heat treatment of, 750A., 797A. 

influence of hardening and annealing on, 7964. 

——-— invention of, 796A. 

——— specific resistance of, to deformation, 719.4. 

wear of, 797A. 

HINSELMANN COKE-OVEN, 6434. 
History of iron, 29P., 677A. 

HonrscH OPEN-HEARTH FURNACE, 7024. 

H6GANAS SPONGE IRON, properties of, 7124. 
Hump METHOD of heat treatment, 751A. 
Hourst-BaLL CENTRIFUGAL PROCESS, 693.4. 
HyDROCHLORIC ACID, corrosion of steel by, 8214. 
Hyprogen, absorption of, by palladium, 199P. — 
brazing in, 756A. 

determination of, in fuel, 830.4., 8314. f 
estimation of, in steel, 573, Paper. 

penetration of, into metal cathodes, 7624. : 


I. 


IGNITION TEMPERATURES of coal, 6214. 

Iuxrvots, properties of coal in, 6324. 

ItMENITE, metallisation of iron oxide in, 608A. ion 5 

IMPACT RESISTANCE, influence of quenching and tempering on, of chromium-silicon 
steel, 748A. 

Impact rrsts, 475P. 

notch-bar, 779A. 

notch-bar, bibliography, 779A. 

relation between stress and strain in, 778A. 

repeated blow, 779A. 

of spring steels, 229P. 

IMPACT TESTING MACHINES, calibration of, 778A. 

INCLUSIONS in steel, 716.4. 

Inp1A, coal in, 6014., 6024. 

manganese ore mining in, 605A. 

steelworks in, 713.4. 
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Incor Movutps, life of, 716A. 

Incors, casting and treatment of, 7144. 

contraction and piping in, 7164. 

effect of latent heat on solidification of, 364, Report. 

heat equilibrium between ingot mould walls and, 714A. 

——— heterogeneity of, 305, Report, 774A. 

production of, for forgings, 704.4. 

solidification of, 270D. 

sound, production of, 255, Paper. 

Insunation of furnaces, 6164. 

Tron, analysis of, 8244. 

cold-worked, specific gravity of, 749.4. 

corrosion of, 8134. 

corrosion of, in sodium chloride solution, 820A. 

history of, 29P., 677A. 

influence of deformation and heat treatment on electrical conductivity of, 
803A. 

influence of heat treatment on, 7494: 

——— magnetic and electrical properties of, 803.4. 

oxidation of, at high temperatures, 501, Paper. 

pure, melting point of, 155P. 

pure, specific heat of, 7744. 

pure, transformations in, 808A. 

relative potentials of, and tin, 822.4. 

welding of, 754A. 

IRoN ALLoys, determination of titanic acid in, 8294. 

magnetic properties of, 803A. 

thermal expansion of, 8074. 

TRON-ALUMINIUM ALLOYS, thermal expansion of, 807A. 

IRON-CARBON ALLOYS, gases in, 790A. 

IRON-CARBON DIAGRAM, 808A. 

TRON-CARBON-SILICON DIAGRAM, 451P. 

TRON-CHROMIUM-COBALT SYSTEM, 808A. 

TRON-CHROMIUM-NICKEL ALLO¥S, corrosion resistance of, 811A. 
TRON-CHROMIUM-NICKEL SYSTEM, 8084. 
ITRON-CHROMIUM SYSTEM, 807A. 
TRON INDUSTRIES of various countries, 675A. 
IRON-MANGANESE ALLOYS, properties of, 8074. 
thermal expansion of, 807A. 

Tron or8, electric smelting of, 6724. 

grading of, 606A. 

mining and treatment of, 604A. 
preparation of, for blast-furnaces, 52P. 
recovery of apatite from, by flotation, 6074. 
roasting of, 606A. 4 
sintering of, 89, Paper, 607A. 

washing of, 605A. : 


IRON ORE DEPOSITS in Austria, 602A. ; ~ 
— in Czechoslovakia, 602A. Os ae 
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TRON ORE DEPOSITS in France, 602A. 

TRON OXIDE, metallisation of, in ilmenite, 608A. 

TRON OXIDE-SILICA SYSTEM, 7044. 

TRON-OXYGEN SysTEM, 550D., 552.D. 

TRON-PHOSPHORUS SYSTEM, 807A. 

TRON-SILICON ALLOYS, thermal expansion of, 807A. 
TRON-SILICON SYSTEM, 8074. 

IRON SULPHIDES, solubility of, in steel, 346, Report. 
IsLEY FURNACE CONTROL for open-hearth furnaces, 7004. 
“TzuTT I.” STEEL, 786A. 

Izop TEsts, 475P. 

Izop VALUES, influence of testing temperature on, 477P. 
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JAMSHEDPUR IRON AND SteEL Works, plant of, 713A. 

JAPAN, mineral industry of, 6034. 

JOHANNES WorkKS, DuisBuRG, historical note on, 6764. 

JOHN LOW-TEMPERATURE CARBONISATION PROCESS, 6504. 
Joists, trussed, rolling of, 7294. 

JONES AND LAUGHLIN STEEL CORPORATION, pipe mills of, 730A. 


K 


KatmMan StTEet Co., rolling-mill plant of, 729A. 

Kerce Works, basic Bessemer practice at, 700A. 
KIESSELBACH STEAM ACCUMULATOR, 623.4. 

Kiins for burning refractory brick, 613A. 

KoGaG COKE-OVEN, 6444. 

K6tn-NEUESSEN CoLiiEry, coke-oven plant of, 6424. 
KOPPERS COKE-OVEN, 6414. 

KRUPPS BRITTLENESS, 7454. 

K.S.G. LOW-TEMPERATURE CARBONISATION PLANT, 6524. 
KUHN LOW-TEMPERATURE CARBONISATION PROCESS, 650.4. 
KUHN OPEN-HEARTH FURNACE, 700A., 702A. 


Js 


LABORATORY EQUIPMENT, 823A. 

LACQUERED STEEL, corrosion of, 821A. 

LADLES, moment of rotation of, 7144. 

LAVOIR COAL WASHER, 6364. 

LeEaD, molten, heat treatment of high-speed steel in, 7514. 
LEAD-COATED SHEETS, 764A. 

LEWES LOW-TEMPERATURE CARBONISATION PROCESS, 6504. 
LeyxtanpD Morors, Lrp., foundry plant of, 696.4. 

Lianire, briquetting of, 6404. 

influence of inorganic materials on carbonisation of, 6464. 
——— microstructure of, 629A. 
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LigNITE, transportation of, 6404. 

Linrnqas, blast-furnace, destruction of, 6144. 

—— — blast-furnace, refractory bricks for, 6144. 
-——— electric furnace, durability of, 615.4. 
monolithic, 6154. 

Linke-HOFMANN BOILER, 622.4. 

LIQUEFACTION of coal, 662.4. 

LiQuIDUS AND SOLIDUS RANGES of steels, 309, Report. 
LoaNHEAD COLLIERY, coal-washing plant at, 635.4. 
LockWooD COAL-CLEANING PROCESS, 633.4. 
Locomotives for steelworks, 7144. 

LONKHUYZEN APPARATUS for determining induction and watt loss, 8044. 
Lusrication of rolling-mills, 7284. 

LuURGI LOW-TEMPERATURE DISTILLATION PROCESS, 6514. 
LURGI SINTERING PLANT, 607A. 


M. 


McEWEN LOW-TEMPERATURE CARBONISATION PROCESS, 650.4. 
McEwen-RUNGE LOW-TEMPERATURE CARBONISATION PROCESS, 650.4. 
Macuriasiuity of cast iron, 770A. 

drill test for determining, 7854. 

of metals, 785.4. 

of steel, 796.4. 

McLAvuRIN LOW-TEMPERATURE CARBONISATION PLANT, 6524. 
MAGNESIA ORUCIBLES, production of, 6154. 

MaGNEsITE, use of, for bottoms of open-hearth furnaces, 615.4. 
MAGNET STEEL, tungsten, properties of, 8044. 

MAGNETIC PERMEABILITY of iron, 8034. 

MAGNETIC PROPERTIES of iron and steel, 803.4. 

MAGNETIC ROASTING of iron ore, 606A. 

MAGNETIC SURVEYING, 604A. 

MAGNETIC TESTING of dynamo and transformer sheets, 8044. 
MAGNETOSTRICTION of steel, 803.4. 

Maanets, lifting, 7144. 

MALLEABLE CAST IRON, American specifications for, 802A. 
——-— Brackelsberg furnace for, 6374. 

——-— heat treatment of, 6964. 

—— — manufacture of, 6944. 

manufacture of, by duplex process, 6954. 

white fracture in, 6964. 

MALLEABLE IRON FURNACES, use of pulverised coal in, 637A. 
use of scrap in, 6804. 

Mancuvrtia, blast-furnace plant in, 6774. 

mineral enterprises in, 603.4. 

MANGANESE, determination of, in cast iron, 824.4. 

——— determination of, in presence of cobalt, 8254. 
determination of, in steel, 8254, 

- electrolysis of, 6744. 
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MANGANESE, electrometric titration of, 825A. 
influence of, in rail steel, 796.4. 
MANGANESE ALLOYS, cementation of steel by, 742.4. 
MANGANESE DEPOSITS in South Africa, 6014. 
MANGANESE ORE, mining of, 605A. 
MANGANESE-SILICON STEEL, specific resistance of, to deformation, 7194. 
MANGANESE STEEL, manufacture of, 6944. 
manufacture of, in electric furnaces, 710A. 
oxidation of, 523P. 
——— properties of, 792A., 7934. 
specific resistance of, to deformation, 719A. 
MANGANESE SULPHIDES, solubility of, in steel, 346, Report. 
MANGANIFEROUS IRON ORE, sintering of, 607A. 
Manirosa, petroleum in, 600A. 
MARTENSITE, microstructure of, 809A. 
transformation of austenite into, in carbon steel, 427, Paper. é 
MELTING POINTS of metals, 155P. 
MemBeErs, election of, 1. : 
Merz AND MacLELLAN LOW-TEMPERATURE CARBONISATION PROCESS, 648A. 
Mertrattoararuy, 805A. 
METHANE, determination of, in fuel, 8314. 
METROVICK INDUCTION FURNACE, 711A. 
MicROMAGNETOMETER for magnetic surveying, 604A. 
MicroscoPic EXAMINATION of coal, 629A. 
Mrcrostrucrure of coal, 629A. 
of lignite, 629A. 
of martensite, 8094. 
of rapidly cooled steel, 391, Paper. 
Mipianp Motor CyLinper Co., foundry plant of, 697A. 
Mrpvae Srnet Co., open-hearth practice of, 7044. 
MILD sTEEL, brittleness in, 473, Paper. 
MINERAL RESOURCES, 600A. 
MINETTE ORE, grading of, 606A. 
Minine of manganese ore, 605A. 
of ores, 604A. 
Morsturg, determination of, in fuel, 8314. 
influence of, on carbonisation of coal, 6454. 
MoLt OPEN-HEARTH FURNACE, 7024, 
Mo.LyBpENnvuM, determination of, in steel, 824A. 
separation of, and vanadium in steel, 827A. 
MoLYBDENUM STEEL, properties of, for magnets, 8044. 
MOoNEL METAL, melting point of, 155P. 
Mono-Arrorart Co., heat-treatment practice of, 747A. 
MovLpING BOxES, standardisation of, 6884. 
MovuLpING MACHINES, 686A. 
for pig beds, 666A. 
MOovULDING PRACTICE, 685A. 
Movtprne sanps, drying of, 6914. 

—— gas permeability of, 690A. 
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MOULDING SANDS, properties and tests of, 690A. 
reclamation of, 690A. 

Moutps, handling of, 6884. 

loading of, 6864. 

ramming of, 687A. 

semi-permanent, for castings, 6864. 
venting of, 687A. 

——— water-cooled copper, 6864. 


N. 


NEUMANN BANDS, formation of, 809A. 
New Brunswick, carbonisation plant at, 6524. 


’ Newron Cuameers & Co., Lrp., foundry plant of, 6934. 


New ZEALAND, low-temperature carbonisation of coal in, 6494. 
microstructure of lignite in, 6294. 

Nice Bauzt Brarine Co., heat-treatment plant of, 7414. 
NicKkEL, electrodeposition of, 7624. 

influence of, on cast iron, 7714. 

influence of, on corrosion of steel, 819A. 

melting point of, 155P. 

NICKEL CAST IRON, manufacture and properties of, 6844. 
NIcKEL-CHROMIUM-MOLYBDENUM STEEL, use of, for gas cylinders, 8004. 
NICKEL-CHROMIUM STEEL, creep strength of, 777A. 
oxidation of, 523P. 

properties of, 217P. 

solidus and liquidus ranges of, 332P. 

specific resistance of, to deformation, 7194. 
stress-strain diagrams of, 7754. 

NICKEL-IRON ALLOYS, oxidation of, 523P. 

NICKEL STHEL, machinability of, 797A. 

melting point of, 155P. 

oxidation of, 523P. ; 

solidus and liquidus ranges of, 332P. 

specific resistance of, to deformation, 719A. 
——— use of, in aircraft construction, 7584. 

use of, for gas cylinders, 8004. 

NICKEL STEEL CASTINGS, production of, 6944. 

NICKEL STEEL PLATES, manufacture of, 703A. 
NITRALLOY STEEL, properties of, 7454. 

Nirric ACID, corrosion of steel by, 8214. 

resistance of stainless iron to, 8124. 

NirroGeEn, determination of, in coal, 8314. 

in steel, 791A. 

use of, for case-hardening, 7444. 

Nrrrovus ox1p8, determination of, in gases, 831A. 
NorMat STEEL, solubility of carbon in, 7444. 
NoRMALISING FURNACES, 740A. : 
NorMANDY, iron ore in, 602A. 

Norton COAL WASHER, 635A. 
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NOTCH BRITTLENESS, effect of velocity of test on, 778A. 
NorcH TOUGHNESS, 780A. 

Nunnery Conutery Co., coke-oven plant of, 640A. 
Nuts, manufacture of, 7214. 
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OIL FUEL, properties of, 6634. 

— use of, for drying and heating of coke-ovens, 647A. 
— use of, in reheating furnaces, 663.4. 

Ors, mineral, use of, for heat treatment, 7524. 
ONTARIO, peat in, 600A. 

OPEN-HEARTH FURNACES, electric cleaning of waste gases in, 657A. 
—-—-— electric door hoists for, 700A. 

——— gas temperatures in, 7074. 

——W— heat balances of, 626A. 

——— heat economy of, 701A. 

—-—— Hoesch, 702A. 

——— insulation of, 6174. 

——— Isley control for, 700A. 

—— — Kiihn, 7004., 7024. 

——— large, 7014. 

——— Moll, 702A. 

——— ports for, 700A. 

——-— principles of regeneration in, 626A. 

—-—— recording of operations of, 710A. 

——— Stevens, 701A. 

——— use of magnesite for bottoms of, 615A. 

—-—— use of mixed gas in, 661A. 

values of fuels in, 660.4. 

OPEN-HEARTH PRACTICE, 701A. 

—-—-— basic, elimination of unreduced oxides in, 705A. 
——— basic, function of silicon in, 7044. 

——— basic, sulphur in, 7064. 

——— basic, yields in, 707A. 

———- effect of decarburisers in, 7064. 

—-—— in Germany, 7024. 

——— influence of scrap in, 7084. 

——— in United States, 7014. 

OPEN-HEARTH STEEL, basic, oxygen content in, 706A. 
Ore, dressing of, 605A. 

magnetic surveying of, 604A. 

mining and treatment of, 6044. 

ORIENTATION of single crystals, 810.4. 

OTTO COKE-OVEN, 643A. : 

OxiIDATION of iron and steel at high peut pera ECs 501, Paper. 
prevention of, 8164. 

Oxipzs, unreduced, elimination of, in basic open-hearth furnace, 7054. 
OXYGEN in basic open-hearth steel, 706A. 

—-——- determination of, 774A. 
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OxyGEN, determination of, in steel, 8284., 8294. 
influence of, on cast iron, 770A. 

——— in steel, 7914. 

—- —— use of, for enriching blast, 68P. 


P. 


PackarpD Moror Co., core department of, 6884. 
Paints, technology of, 7654. 

PauLapium, absorption of hydrogen by, 199P. 
PaRsSONS-DUNCAN PROCESS for producing sound ingots, 255, Paper. 
Passtviry of metals, 8164. 

PATTERN-MAKING, 685A. 

Puat, use of, as fuel, 6404. 

use of, in gas-producers, 6574. 

Prat DEpOsiTs in Canada, 6004. 

PENNSYLVANIA, coal-cleaning plant in, 636A. 
PERLIT CAST IRON, properties of, 773.4. 
PERMEABILITY, magnetic, of iron, 803A. 

PrrstA, iron industry of, 6774. 

PETROLEUM DEPposiITs in Canada, 6004. 
PHOSPHORIC ACID, determination of, 829A. 
PuHosPHorvs, determination of, in cast iron, 8244. 
in fusain, 630A. 

influence of, on blue-brittleness, 481P. 
PrcKxinG, electrolytic, 197P. 

influence of, on steel, 179, Paper. 

of iron and steel, 759A. 

of tubes, 753A. 

Pig BEDS, moulding machine for, 666A. 

Pic tron, American specifications for, 802A. 
casting of, 65P. 

manufacture of, 6644. 

PInET-DEBOUT LOW-TEMPERATURE CARBONISATION PROCESS, 650A. 
PINTSCH LOW-TEMPERATURE CARBONISATION PROCESS, 648.4. 
Prez MILLS, 7304. 

Prrzs, cast iron, corrosion of, 817A. 

centrifugal casting of, 6944. 

moulding of, 6934. 

prevention of corrosion of, 765A. 

welding of, 755A. 

Prere in ingots, 7164. 

PLATE MILLS, power requirements of, 7244. 
PLATES, corrosion tests of, 813A. 

nickel steel, manufacture of, 703A. 
welding of, 755A. 

PLATING BATHS, measurements of hydrogen ion concentrations in, 760A. 
Potzak Sreet Co., rolling-mill plant of, 7354. 
Ports for open-hearth furnaces, 700A. 

PouMAy CUPOLA, 678A. 
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POWER PLANTS, use of pulverised coal at, 639A. 

POWER REQUIREMENTS of rolling-mills, 723A. 

for wire-drawing, 736A. 

PRECIPITATION REACTIONS, influence of shaking on, 830A. 
PRESIDENT, induction of, 23. 

PRESIDENTIAL ADDRESS of H. Louis, 29. 

PRODUCER PRACTICE, 655A. 

PRoDUCERS, thermal balance of, 6564. 

use of peat in, 657A. 

use of wood in, 6564. 

PROSPECTING, geophysical, 6044. 

PROTECTIVE FILMS, influence of, on corrosion, 8164. 
PUDDLED TRON, manufacture of, 6734. 

PULLMAN Car AND MANUFACTURING CoRPORATION, cupola plant of, 681A. 
PULSATING STRESSES in steel, 787A. 

PULVERISED FUEL. See Coal, pulverised. 

Pumps, centrifugal, corrosion of, 819A. 

PyRoMETERS, 7384. 


Q. 
QUEENSLAND, coal in, 6014. 
QUENCHED STEELS, constitutional diagrams for 443, Paper. 
microstructure of, 391, Paper. 
properties of, 747A. 
QUENCHING of coke, 647A. 
influence of, on properties of chromium-silicon steel, 748A. 
—— — length changes in steel during, 7484. 
— of steel, 7514. 
use of mineral oils for, 752A. 
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Ravptatron of solid bodies, 6244. 

RADIATOR SHELLS, drawing of, 7224. 

Ratu STEEL, chemical composition of, 795A. 
influence of manganese in, 796A. 
manufacture and properties of, 7764., 794A. 
RAILROAD TIES, welded, manufacture of, 756A. 
Ratzs, detection of flaws in, 805A. 

influence of rolling temperature on, 7944. 
old, production of sections from, 730A. 
sorbitic treatment of, 752A. 

wear tests of, 784.4. 

RayMonpd-LOPuLco COAL PULVERISER, 636A. 
Reactivity of coke, 6544, * 

of fuel, 621A. 

RzEAMERS, heat treatment of, 750A. 

RECORDING INSTRUMENTS for blast-furnace practice, 67P. 
RECRYSTALLISATION during rolling, 7814. _ 
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RECUPERATORS, metallic, 6254. 

speed of circulation of gases in, 625.4. 

use of, in reheating furnaces, 6244. 

Rep River Lumper Co., foundry plant of, 6974. 
REFRACTORY BRICKS, behaviour of, at high temperatures, 6104. 
——-—- for blast-furnace linings, 6144. 

——— burning of, 613A. 

——-—- dinas, properties of, 6114. 

——-—- drying cracks in, 6134. 

——-— fireclay, properties of, 609.4. 

—_-— fireclay, thermal expansion of, 6104. 
fireclay, transverse strength of, 6114. 
—_—-— influence of coal ash on, 6114. 

—--— silica, properties of, 609A. 

—---— silica, requirements of, for coke-ovens, 6144. 
— —— silica, substitution of high silica sand for lime-bonded, 6114. 
——— slagging tests of, 6124. 

REFRACTORY MATERIALS, analysis of, 832.4. 

——— properties and tests of, 6094. 

requirements of, for cupolas, 6144. 
requirements of, for gas industry, 6134. 
specific gravity of, 610A. 

REFRACTORY MORTAR for coke-ovens, 6144. 
REGENERATION, Kiihn system of, 700A. 

principles of, 6254. 

REGENERATOR CHAMBERS, Calculation of, 627A., 628A. 
—-—— checker work for, 616A. 

——— course of gas and air temperature in, 6254. 
—.—— effect of dust deposit on efficiency of, 627A. 
periodic temperature variations in, 6284. 
Reneatrne, hardening by, after cold-work, 7844. 
REHEATING FURNACES for alloy blooms, 7174. 
——— consumption of fuel in, 6244. 

_.—— heating of, with mixture of blast-furnace gas and pulverised coal, 6234. 
—.—— insulation of, 617A. 

——— for sheets, 717A. 

—_-—-— for tubes, 718A. 

—-— — use of oil fuel in, 6634. 

use of pulverised coal in, 6364. 

—_._—— use of recuperators in, 6244. 

values of fuels in, 660.4. 


RHEOLAVEUR COAL-WASHING SYSTEM, 6354. 


RHEOLAVEUR SLURRY WASHER, 6544. 

RuovEsIA, chrome ore in, 6014. 

RIMMED STEEL, manufacture of, 7024. 

Roastrne of iron ore, 606A. 

Rop mixzs, 7354. 

influence of rolling temperature on carbon steel in, 7264. 
Rops, internal stresses in, 7904. 
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Robs, protection of, from rust, 7654. 

tensile tests of, 7754. 

ROLLE LOW-TEMPERATURE CARBONISATION PROCESS, 6474. 
ROLLER BEARINGS, fatigue of, 788A. 

— use of, in blast-furnace equipment, 666A. 
use of, in rolling-mills, 728.4. 

Rouiina, cold, efficiency of, 727A. 

——-—- cold, roll pressure and work in, 724A. 
——— recrystallisation during, 7814. 

——— theory of, 7224. 

ROLLING-MILL COUPLINGS, 7354. 

ROLLING-MILL MOTORS, starting characteristics of, 7344. 
ROLLING-MILL PRACTICE, 7224. 

ROLLING-MILLS, cold, 7304. 

——-— electric driving of, 733A. 

——\— housings for, 725A. 

—— lubrication of, 728A. 

—— -— motor drives for run-out tables of, 7364. 
———- power requirements of, 723A. ‘ 
——— spring in, 725A. 

—— —- three-high, use of dead pass in, 7264. 
———- transfer tables for, 736.4. 

—— — transmission ropes in, 735A. 

use of anti-friction bearings in, 728A. 

use of roller bearings in, 728A. 

ROLLING TEMPERATURE, influence of, on carbon steel, 726A. 
influence of, on cold-rolled steel, 780A. 
influence of, on rails, 794A. 

Rotts, chilled, breakage of, 728A. 

chilled, production of, 692A. 

chilled, turning of, 727A. 

design of, 725.4. 

electric induction heaters for, 735.4. 
production of, bibliography, 6924. 

stresses in, 726A. 

use of special steel for, 727A. 

RONTGEN RAYS, examination of coal by, 6294. 
examination of welds by, 756A. 
Rorzways, use of, in blast-furnace plants, 6664. 
RovuBAIX GAS-PRODUCER, 655A. 

RvuuR District, coke-oven plants in, 6414. 

RUSS ELECTRIC FURNACE, 7114. 

RUTHS STEAM ACCUMULATOR, 623A. 
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SACK STEAM ACCUMULATOR, 6234. 
SALERNI LOW-TEMPERATURE CARBONISATION PROCESS, 647A. 
SaLv BATHS, hardening of steel in, 7434. 
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SALT SOLUTIONS, resistance of alloys to, 8214. 
SAMPLING of coal, 632A. 

SANDBERG STEEL SLEEPER, 7584. 

Sanpwicu Founpry, Lrp., mould-conveying equipment of, 6974. 
SASKATCHEWAN, petroleum in, 600A. 

Saws, historical development of, 758A. 
ScHURMANN CUPOLA, 678A. 

Scrap, influence of, in open-hearth furnaces, 708A. 
use of, in blast-furnace, 669A. 

use of, in cupolas, 6804., 683.4. 
SCREENING of coal, 633.4. 

ScREWS, protection of, from rust, 765.4. 
SCRUTINEERS, appointment of, 1. 

SEA-WATER, corrosion of metals in, 8204. 

SECTION MILLS, 730A. 

SECTIONS, rolling of, 7244. 

welding of, 755A. 

SEGREGATION in ingots, 263P. 

SHARON STEEL Hoop Co., strip mills of, 7314. 
SHEAR TESTS of cast iron, 768A. 

SHEET IRON, properties of, 8014. 

SHEET MILLS, 732A. 

power requirements of, 724A. 

stresses in rolls of, 726.4. 

SHEETS, aluminium-coated, use of, 764A. 
annealing furnace for, 740A. 

automobile, grades of, 8014. 

doubling machine for, 736A. 

dynamo and transformer, magnetic testing of, 8044. 
effect of stamping on structure of, 7224. 
galvanised, corrosion of, 817A. 

galvanising of, 763A. 

heating of, during rolling, 7324. 

— influence of annealing temperature on, 780A. 
lead coating of, 7644. 

manufacture and properties of, 7324. 
normalising furnaces for, 740A. 

pickling of, 759A. 

reheating furnace for, 717A. 

use of sulphuric acid in pickling of, 760A. 
SHEFFIELD MEETING, proceedings of, 43. 
SHEFFIELD STEEL CORPORATION, wire mills of, 737A. ° 
SHERARDISING of metals, 763A. 

SHIP PLATES, corrosion tests of, 813.4. 

SHRINKAG# in white cast iron, 698A. 

SremEns system of cleaning gas, 6584. 

SrzrRA LEONE, mineral resources of, 601A. 

Srzica, properties of, 609.4. 

Sriica BRIcKS. See Refractory bricks. 
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SILICA CRUCIBLES, production of, 615A. 

SILICA GEL, use of, for drying blast, 79, Paper. 

SILICATES in steel, 704A. 

Sritcon, deoxidation of steel with, 7044. 

— determination of, in cast iron, 824A. 

——~— determination of, in ferro-alloys, 828A. 

—-—— function of, in basic open-hearth practice, 7044. 

———influence of, on cast iron, 770A. 

—-—— use of, in carburising compounds, 743.4. 

SILICON-MANGANESE STEEL, influence of chromium in, 7944. 

SILICON STEEL, Oxidation of, 523P. 

SIMPLEX COKE-OVEN, 6444. 

SINTER PLANT at Guest, Keen and Nettlefolds, Ltd., Works, 89, Paper. 

SINTERING of iron ore, 6074. 

SLABBING-MILLS, 7334. 

SLAG BRICKS, tests of, 612.4. 

Snags, action of, on refractory bricks, 6124. 

basic, constitution and structure of, 7134. 

—-——- blast-furnace. See Biast-furnace slags. 

SLaG WOOL, properties and use of, 6724. 

SLEEPERS, steel, design of, 7584. 

SMITH DIRECT PROCESS, 6744. ‘ 

Socrirh pes Acteries Frroavy, electric furnace plant of, 7114. 

SODIUM CHLORIDE SOLUTION, corrosion of iron in, 820A. 

SOLIDIFICATION of ingots, 270D. 

SoLIDUS AND LIQUIDUS RANGES of steels, 309, Report. 

SORBITIC TREATMENT of rails, 752A. 

SoutH Arrica, chrome ore in, 6014. 

iron industry of, 675.4. 

manganese in, 6014. 

SPAIN, iron industry of, 6764. 

mineral resources of, 602.4. 

SPATHIC ORE, roasting of, 606A. 

SPECIFIC GRAVITY of cold-worked iron and steel, 7494. 

of refractory materials, 610A. 

relation between ash-content and, of coal, 6324, 

SPECIFIC HHATS of iron and steel, 774A. 

SPECIFIC VOLUME, change in, of steel by cold-working, 7824. 

SpEciIFIcATIONS, American, for Pig iron, cast iron, malleable iron, and steel castings, 
802A. 

British, for tramway = 8024. 

——— for cast iron, 770A. 

SPERMOLIN SAND-MIXING MACHINE, 691A. 

SPERRY METHOD for detection of flaws in rails, 8054. 

SpPrKEs, manufacture of, 7214. 

SPONGE IRON, manufacture of, 6744. 

use of, in electric furnaces, 712.4. 

SPONGINESS in cast iron, 6994. 

SPRAYING of metals, 7644. 

SPRING STEELS, mechanical and metallurgical properties of, 217, Paper. 
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SPRINGS, laminated, effect of nip on properties of, 8004. 
laminated, static and endurance tests of, 801.4. 
leaf, endurance testing machine for, 788.4. 
properties of, at high temperatures, 7874. 
STAINLESS IRON, influence of temperature on, 812.4. 
resistance of, to nitric acid, 8124. 
STAINLESS STEEL, me!ting point of, 155P. 
oxidation of, 523P. 
properties of, 8114. 
STAMPING, effect of, on structure of sheets, 7224. 
of motor-car parts, 722A. 
STAMPING TESTS, 722A. 
STAMPINGS, annealing furnace for, 7414. 
STANDARDISATION of moulding boxes, 6884. 
Stanton Iron Co., Lrp., foundry plant of, 6944. 
STEAM ACCUMULATORS, 6234. 
STEEL, acid-resistant, properties of, 775.4. 
alloy, manufacture of, 710A. 
alloy, oxidation of, 522P. 
alloy, properties of, 775A. 
——— alloy, specific resistance of, to deformation, 719A. 
alloy, use of, in aircraft construction, 7574., 8024. 
——— alloy, use of, for chains, 6934. 
alloy, use of, for rolls, 727A. 
———- alternating and pulsating stresses in, 7874. 
analysis of, 8244. 
basic, oxygen content in, 706A. 
bright annealing of, 753.4. 
.—-—-— case-hardening of, 7424. 
——— cementation of, by uranium, 7424. . 
—_ changes in constituents of, during teeming, 708A. 
—— cold-rolled, influence of rolling and annealing temperatures on, 780A. 
— cold-worked, specific gravity of, 749A. 
corrosion of, 813A. * 
corrosion-resistant properties of, 775A., 8114. 
costs of production of, 710A. 
cyanide hardening of, 7434. 
decomposition of austenite in, 748A. 
deoxidation of, with silicon, 704A. 
—_-—- deoxidised, structure of, 7444. 
estimation of hydrogen in, 573, Paper. 
etch test for, 806A. 
etching of, 805A. 
ferrous silicates in, 704A. 
forged, safe stress limits for, 719A. 
hardening of, 7514., 8064. 
hardening of, in salt baths, 743.4. 
heat treatment of, 746A. 
—_ high-tensile, properties of, 7944. 
inclusions in, 716A. 


880 SUBJECT INDEX. 


SrEst, influence of brackish water on corrosion of, 820A. 
influence of carbon in, 7914. 

——— influence of elements on corrosion of, 819A. 
influence of furnace atmospheres on, 739A. 
—-—— influence of heat treatment on, 749A. 

—— influence of pickling on, 179, Paper, 

—_—— influence of temperature on, 7754. 

——— influence of tin in, 7914. 

——— internal stresses in, 790A. 

lacquered, corrosion of, 8214. 

——— length changes in, 748A. 

liquidus and solidus ranges of, 309, Report. 
——W— machinability of, 796A. 

——— magnetic and electrical properties of, 8034. 
——— magnetostriction of, 8034. 

——— melting points of, 155P. 

——— metallic cementation of, 742A. 

——— molten, density of, 358, Report. 

——— nitralloy, properties of, 745.4. 

nitrogen in, 791A. 

oxidation of, at high temperatures, 501, Paper. 
oxygen in, 7914. 

production of, 700A. 

——— properties of, at high temperatures, 7864. 
properties and tests of, 7744. 

—— quenched, constitutional diagrams for, 443, Paper. 
quenched, microstructure of, 391, Paper. 
quenched, properties of, 747A. 

quenching of, 7514. 

rimmed, manufacture of, 7024. 

solubility of carbon in, 7444. 

solubility of iron and manganese sulphides in, 346, Report. 
sound, production of, 255, Paper. 

specific heat of, 7744. 

spring, properties of, 217, Paper. 

structure of, 8074. 

surface cooling of, 751A. 

tempering changes in, 747A. 

thermal conductivity of, 7744. 

—— welding of, 754A. 

work-hardening of, 7514. 

STEEL ComMPANyY oF CANADA, coke-oven plant of, 641A. 
STEEL FOUNDRY PRACTIOR, 6944. 

STEEL-MAKING PROCESSES, 700A. 

STEELE COAL-CLEANING TABLES, 634A. 

STEELWORKS, machinery for, 714A. 

STELLITEH, use of, for drills, 758A. 

STERCHAMOL, use of, for insulating furnaces, 616A. - 5 ; 
STEVENS OPEN-HEARTH FURNACE, 701A. { 
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StEwaRt-WARNER SPEEDOMETER CORPORATION, heat-treatment plant of, 741A. 
STRESS-STRAIN DIAGRAMS of nickel-chrome steel, 775A. 
STRESSES, alternating and pulsating, in steel, 787A. 
internal, in castings, 698.4. 

internal, determination of, 7904. 

internal, in steel, 790A. 

latent, in metals, 7904. 

in welded structures, 7564. 

Srrip, electro-galvanising of, 7634. 

influence of pickling on, 180P. 

STRIP MILLS, 730A. 

design and operation of, 7314. 

STRUCTURAL STEEL, properties of, 7934. 
STRUCTURE of cast steel, 808A. 

of deoxidised steel, 744.4. 

of steel, 807A. 

SryrtA, iron smelting furnaces of, 6774. 
SULPHIDES, solubility of, in steel, 346, Report. 
SuLpPuour in basic open-hearth process, 7064. 

in coal, 620A. 

determination of, in cast iron, 824A. 
determination of, in chromium steel, 825A. 
determination of, in coal, 830A. 
determination of, in steel, 8244. 
SULPHURIC ACID, corrosion of steel by, 8214. 

use of, in pickling sheets, 760A. 

SULZER BOILER, 622A. 

SuuzER system of cooling coke, 647A. 
SUPERHEATERS, corrosion of, 819A. 

Suprrior Gas Encine Co., foundry plant of, 6924. 
SUPERMISERS, 622A. 

SURVEYING, magnetic, 6044. 

Surron-STEELE COAL-CLEANING TABLES, 634A. 
SYNTHRACITE, 639A. 


Te 
Tanks, welding of, 755A. 
Tar, low-temperature, composition of, 653A. 
low-temperature, production of, 6534. 
low-temperature, properties of, 652A. 
Tata IRON AND STEEL Co., steel plant of, 713A. 
TEMPER BRITTLENESS, 7454. 
TEMPERATURE GRADIENTS, use of, in metallography, 7504. 
TremPERATURES, high, behaviour of refractory bricks at, 610A. 
high, oxidation of iron and steel at, 501, Paper. 
high, properties of steel at, 7864. 
ignition, of fuel, 6214. 
influence of, on stainless iron, 8124. 
influence of, on steel, 775A. 
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TEMPERATURES, measurement of, 738A. 

rolling, influence of, on carbon steel, 726A. 

rolling, influence of, on rails, 7944. 

rolling and annealing, influence of, on cold-rolled steel, 780A. 
TEMPERING of high-speed steel, 7974. 

influence of, on properties of chromium-silicon steel, 748.4. 
use of mineral oils for, 752A. 

TEMPERING CHANGES in steel, 747A. 

TEMPERING FURNACES, use of pulverised coal in, 638A. 


TENSILE TEST-PIECES, hardness measurements on flow figures of, 776A. 


notched, fracture of, 7764. 

TENSILE TESTS, long-time, 777A. 

of metals, 775A. 

of spring steels, 225P. 

TERNARY SYSTEMS, heterogeneous equilibria in, 807A. 
'TEST-PIECES, tensile, hardness measurements on flow figures of, 7764. 
notched tensile, fracture of, 776A. 

variation of percentage elongation with size of, 775A. 
TESTING MACHINES, endurance, 7884. 

fatigue, 7884. 

impact, calibration of, 778A. 

Tests of automobile parts, 801A. 

of cast iron, 767A. 

of chains, cables, and wire ropes, 799A. 

corrosion, preparation of specimens for, 8144. 
corrosion, of ship plates, 813.4. 

drill, for determining machinability, 785A. 

EKhn’s cementation, 7444. 

—— endurance, of laminated springs, 8014. 

fatigue, of cast iron, 769A. 

of furnaces, 623.4. 

of gas cylinders, 799.4. 

hardness, 783A. 

impact, relation between stress and strain in, 7784. 
long-time, tensile, 777A. 

——— magnetic, of dynamo and transformer sheets, 8044. 
notched-bar impact, 779A. 

——-— notched-bar impact, bibliography, 779A. 

of refractory materials, 609A. 

repeated-blow impact, 779A. 

shear, of cast iron, 768A. 

of spring steels, 225P. 

stamping, 7224. 

tensile, 775A. 

transverse, influence of span on, of cast iron, 767A. 
of tubes, 802A. 

——— wear, 784A. 

——— of welded joints, 757A. 

THERMAL BALANCE of gas-producers, 6564. 
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THERMAL BALANCE, graphic expression of, 6224. 
THERMAL CONDUCTIVITY of cast iron, 7734. 
of steel, 7744. 
THERMAL EXPANSION of fireclay bricks, 610.4. 
of iron alloys, 807A. 
THERMOMAGNETIC ANALYSIS, apparatus for, 8044. 
TmKEN Derroir AXxuE Co., plant of, 7414. 
TIMKEN STEEL AND TuBE Co., plant of, 713.4. 
reheating furnaces of, 717A. 
Try, determination of, in steel, 827A. 
influence of, in steel, 7914. 
relative potentials of, and iron, 822A. 
. TINPLATE, manufacture of, 7324. 
TINPLATE INDUSTRY of France, 675A. 
TITANIC ACID, determination of, in iron alloys, 8294. 
TrTanrum, determination of, in steel, 8244. 
ToLtepo PorcELAIN ENAMEL PRopucts Co., enamelling plant of, 7664. 
Toon streL, American, composition of, 798A. 
British, composition of, 798A. 
ToucuNEss, influence of grain-size on, of steel, 785.4. 
notch, 780A. 
T0ZER LOW-TEMPERATURE CARBONISATION PROCESS, 647A. 
TRANSFORMATIONS in chromium steels, 8084. 
in pure iron, 8084. 
TRANSFORMER SHEETS, magnetic testing of, 8044. 
TRANSVERSE STRENGTH of fireclay brick, 611A. 
TRANSVERSE TESTS, influence of span on, of cast iron, 767A. 
TREASURER’S REPoRT, 5. 
TRENT LOW-TEMPERATURE CARBONISATION PROCESS, 650A. 
Tugs, bicycle, properties of steel for, 802A. 
boiler, corrosion of, 819A. 
galvanised, defects in, 7634. 
gun, cracking of, 121P. 
internal stresses in, 790A. 
manufacture of, 757A. 
pickling and annealing of, 753A. 
reheating furnaces for, 7184. 
tests of, 8024. 
use of alloyed cast iron for, 6934. 
TUNGSTEN CARBIDE, use of, for drills, 7584. 
TUNGSTEN CARBIDE ALLOYS, properties of, 810A. 
TUNGSTEN MAGNET STEEL, properties of, 8044. 
TUNGSTEN STEEL, influence of heat treatment on, 749A. 
oxidation of, 523P. 
specific resistance of, to deformation, 719A. 
TURBINE BLADES, corrosion of, 819A. 
manufacture of, 722A. 
TuRBO-BLOWERS for blast-furnaces, 666A. 
TURBO-GENERATORS, properties of steel for, 720A. 
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TURBULATEUR BURNER for pulverised fuel, 6204. 
TwIst DRILLS, heat treatment of, 750A. 
Tyres, tramway, British specification for, 802A. 


{Big 


ULTRA-VIOLET RAYS, examination of coal by, 629A. 
UnitEp Kinqpom, coal in, 600A. 

coke-ovens in, 640A. 

foundries in, 6934., 696A. 

iron industry of, 675A., 677A. 

Unrrep Sratss, blast-furnace capacity of, 677A. 
blast-furnace practice in, 664A. 
blast-furnaces in, 664A. 

— coal in, 6034. 

——— coke-oven practice in, 6444. 

——— coke-ovens in, 641A. 

——— foundries in, 6814., 6924., 6944., 697A. 
——— open-hearth furnace capacity in, 6774. 
—— — open-hearth practice in, 701A. ‘ 
——— rolling-mills in, 729A., 732A. 

scrap situation in, 709A. 

steelworks in, 7134. 

wire mills in, 737A. 

Uranium, cementation of steel by, 7424. 
determination of, in steel, 8244. 


Vv. 


VACUUM-MELTED METALS, properties of, 791A. 

VANADIUM, detection of, in steel, 827A. 

determination of, in steel, 8264. 

separation of, and molybdenum in steel, 8274. 
VANADIUM STEEL, oxidation of, 523P. 

properties of, 7924. 

VANADIUM STEEL CRANKSHAFTS, manufacture of, 720A. 
VickERS-ARMSTRONGS Lrp., steam accumulator plant of, 6234. 
VOLATILE MATTER, relation between, and yield of coke, 646A. t 
VoLHARD METHOD for titration of manganese, 825A. 

VOLUME CHANGES of metals, 6984. : : 
Voxtumoscorr for determining specific gravity of refractory materials, 610A 


W. 


WALLASEY GENERATING STATION, pulverised fuel plant at, 639A. 
WALTER PROCESS for desulphurisation of cast iron, 680A. 
WARWICKSHIRE, coal in, 600A. 

WASHING of coal, 635.4. 

of iron ore, 605A. 

Water, brackish, influence of, on corrosion of iron and steel, 820A. 
Weagz of high-speed steel, 797A. 

Wear TESTS, 7844. 
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WEIRTON, large open-hearth furnaces at, 7014. 
WEIRTON STEEL Co., sheet mills of, 7324. 
WELDED JOINTS, tests on, 7574. 

WELDED STRUCTURES, stresses in, 756A. 
WELDING of iron and steel, 7544. 

use of large electrodes in, 7544, 

WELDING MACHINES, 755A., 756A. 

WELDS, control of, by magnetic patterns, 7544. 
X-ray examination of, 756A. 

West Virginia, coal in, 603.4. 

WHEELING STEEL CORPORATION, slabbing-mills of, 733.4. 
WHEELS, cast steel, moulding of, 6934. 
WiLp-BarFIELD METHOD of heat treatment, 7514. 
WituiaMs Prizez, award of, 27. 

WILLys OVERLAND Co., heat-treatment plant of, 7414. 
WILPUTTE COKE-OVEN, 6414. 

WINKLER SMOKE CONSUMER, 6254. 

Wire, cold-drawn, properties of, 798A. 
determination of carbon in, 824A. 

—— electro-galvanising of, 763A. 

manufacture of, 7364. 

properties of, at high temperatures, 787A. 
tensile tests of, 775A. 

WIRE DRAWING, power requirements for, 736A. 
WIRE MILLS, 737A. 

WIRE ROPES, deterioration of, 798A. 

tests of, 799.4. 

WirkowiTz Ironworks, development of, 676A. 
WOLVERHAMPTON CORRUGATED [Ron Co., supermiser plant of, 622A. 
Woop, use of, in producers, 6564. 

Woop, R. D., & Co., pipe foundry of, 694A. 
WorK-HARDENING of steel, 751A. 

WROUGHT IRON, manufacture of, 673A. 
WUPPERMANN, THEODOR, strip mills of, 7314. 
WYOMING, coal in, 603A. 


xe 


X-rays. See Rontgen rays. 


Ya: 


YIELD POINT, determination of, 776A. 
YouNGSTOWN SHEET AND TuBE Co., sheet mills of, 7324. 


Lis 


ZINC COATINGS, white spots on, 763.4. 
ZrRCONIUM, determination of, in steel, 824A. 
estimation of, in steel, 792A. 
ZIRCONIUM STEEL, properties of, 792A. 
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A. 


Assort, J. H., on vanadium steel crankshafts, 7204. 
ABEL, M., on coal washing plant, 635A. 

Axporn, R. H., awarded Carnegie Research Grant, 28. 
Apram, H. H.— 

Paper on. “‘ The erosion of guns.” See Greaves, R. H. 
AcHENBACH, A., on control of foundry furnaces, 680A. 
Apvamson, E., on structure of cast iron, 469D. 

Avppy, R., on marketing of coal, 632.4. 
ALLARD, J., on use of wood in gas-producers, 6564. 
Auuison, A., on brittleness in mild steel, 488D. ( 
appointed scrutineer, 1. ’ 
ANDERSON, D. G., on design of castings, 687A. 
on influence of carbon and silicon on cast iron, 770A. 
AnpveERsON, E., on skip hoists, 665A. 
AnpERSON, J. L., on oxy-acetylene welding, 7564. 
AnpreEw, J. H., on erosion of guns, 173D. 
on production of sound ingots, 275D., 286D. 
on structure of quenched steel, 421D. 
——— remarks on D. Lewis’ paper by, 438D. 
Anprew, J. H., and D. BrInnrzr— 
Report on “ The liquidus and solidus ranges of some commercial steels,’’ 309. 
—Discussion, 377.—Correspondence, 380. 
Report on “ The solubility of iron and manganese sulphides in steel,” 346. 
—Discussion, 377.—Correspondence, 380. 
AncetL, H. H., on rolling-mill drives, 734A. 
ARNOLD, S8., on electric furnaces, 7124. 
Arnv, C., on regulation of gas pressure in coke-ovens, 6464. 
Asrruc, M., on temperature regulator, 738A. 
AvupIBERT, E., on coking process, 645A. 
Austin, 8., on sizing of coal, 633A. 
Avanzrnt, A. von, on strip mills, 7314? © 


‘Be 


Basin, H., on power requirements of rolling-mills, 724A. 

Basuik, H., on galvanising, 763A. 

on pickling of sheets, 760A. ; 

Basti, C., on foundry of Red River Lumber Co., 697A. 

Baatey, D., elected member, 1. 2 
Baatey, G. D., on tests on gas cylinders, 799A. ‘ 


NAME INDEX. 


Bane, H. A., on estimation of hydrogen and methane, 8314. 
Bain, E. C., on length changes in steel, 7484. 
Baker, D., on direct castings, 669.4. 
Baker, E. M., on chromium-plating, 7614. 
Batasanorr, V., on open-hearth furnace ports, 700A. 
Baus, C. E., on cupola blocks, 6144. 
BALLANTINE, R., on pattern-making, 6854. 
Bannister, C. O., on corrosion of metals, 817A. 
BanseEn, H., on blast-furnace practice, 6694. 
on use of gas in German ironworks, 6604. 
Barat, R., on distortion in case-hardening, 743.4. 
BARDENHEUER, P.. on Brackelsberg furnace, 695.4. 
on electrical conductivity of metals, 8034. 
on pickling of sheets, 759A. 
on properties of deoxidised cast iron, 770A. 
Barker, G. A., on insulation of furnaces, 617A. 
Barx ey, J. F., on sulphur in coal, 620A. 
Barr, G.— 
Paper on ““A method for the estimation of hydrogen in steel.” 
Rooney, T. E. 
BaRreiRo, L., remarks on Simons’ paper by, 103D. 
Bartscu, H., on iron ore washing, 605A. 
Bason, G. F., on nitrogenation of steel, 7454. 
Bassat, L., on fuel consumption in works, 622A. 
Bastow, 8. H., on electrical behaviour of surfaces of corroding iron, 815A. 
Batey, R. A., on properties of cold-drawn wire, 798A. 
_ Bator, H., on chilled castings, 692A. 
Batson, R. G., on effect of nip in laminated springs, 800A. 
on endurance of laminated springs, 8014. 
on strength of steel at high temperatures, 7864. 
Bauopt, A., elected member, 1. 
Bauer, O., on ageing of mild steel, 7854. 
on cast iron for structural purposes, 769A. 
Baum, K., on coal ash, 620A. 
BEAURIENNE, A., on thermal storage, 623A. 
Becxert, F. M., on chromium alloys, 8134. 
‘BEDFORD, R. A., on manufacture of hollow drill steel, 729A. 
Brscu, A. S., on moulding machines, 686A. 
_ Breny, H. H., on annealing of cast iron, 752A. 
Beuatsw, N. T., on erosion of guns, 168D. 
Betynsky, 8. V., on hardness of steel at high temperatures, 787A. 
Benazet, P., on chrome steel, 8104. 
Benorx, C. A., elected member, 1. 
Benepicks, C., on density of molten metals, 382D. 
on iron-oxygen system, 551D. 
on liquidus and solidus ranges of steel, 380D. 
on manganese sulphides in steel, 381D. 
on production of sound ingots, 292D. 
on structure of carbon steel, 806A. 


887 


See 
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Bero, de, on rupture of cables, 799A. 
Bere, H., on pulverised coal, 638.4. 
Bera, H. A., on blast-furnace practice, 6644. 
BERNDT, G., on metallography, 805A. 
BERTHELOT, C., on chemical utilisation of coal, 631A. 
on liquid fuel, 663A. 
on low-temperature carbonisation, 649A. 
on use of gases in steelworks, 659A. 
BerTRAM, E., on grading of minette ore, 606A. 
Brssmer, G. R., on influence of carbon and silicon on cast iron, 770A. 
Brsus, B., on autogenous welding, 7554. 
BIERBRAUER, E., on dressing of spathic ore, 606.4. 
on magnetic roasting of iron ore, 6064. 
on ore dressing, 605.4. 
on recovery of apatite from iron ore sludge, 607A. 
Bincxss, F. J., on blast-furnace linings, 6144. 
Bre, J., on briquetting, 640A. 
Binniz, D.— 
Report on “* The liquidus and solidus ranges of some commercial steels.” 
See Andrew, J. H. 
Report on “ The solubility of iron and manganese sulphides in steel.” See 
Andrew, J. H. 
Buake, J. M., on wear of steel, 784A. 
Buav, M., on Lurgi sinter apparatus, 607A. 
Buavvett, W. H., on coke-oven practice, 6444. 
Buizarp, J., on pulverised coal, 6394. 
Buum, W., on chromium-plating, 760A. 
Buytue, G. E. K., on pulverised coal, 6384. 
Bons, H., on microscopic examination of coal, 630A. 
BorGeHoLp, A. L., on influence of blast-furnace practice on quality of cast iron, 
669A. 
Boéunz, E., on Persian iron industry, 677A. 
Boxtsover, G. R.— 
Paper on “‘ Brittleness in mild steel,’ 473.—Discussion, 488.—Author’s 
Reply, 496, 498. i 
Bouton, J. W., on properties of grey cast iron, 769A. ‘Et 
Booz, M. C., on refractory materials, 609.4. 
BosngaKkovic, F., on analysis of fuel, 880A. 
Boston, O. W., on cutting tests of steel, 796A. 
Bovtty, on coking practice, 645A. 
Bowers, C. J., on use of large welding electrodes, 754A. 
Bravuey, G. W. J., on coking properties of coal, 653.4. 
BrRaDLey, J., on effect of nip in laminated springs, 800A. 
on endurance of laminated springs, 8014. 
on endurance testing machine for springs, 7884. 
BraMuey, A., appointed scrutineer, 1. 
awarded Carnegie Gold Medal, 26. 
Branp, J. C., on pulverised coal, 639.4. 
Brann, B. F., on electrometric titration of manganese, 825A. 
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Braunuottz, W. T. K., on treatment of coal, 6484. 
Brear.ey, H., on influence of pickling on steel, 210D. 
on production of sound ingots, 293D. 

Brecut, K. G., on tungsten magnet steel, 804.4. 
BREELER, W. R., on chromium-aluminium steel, 7924. 
Bremer, E., on core making, 689A. 

on plant of American Radiator Co., 692A. 
BRENDER A Branpis, G. A., on porosity of coke, 6544. 
Brewer, R. E., on plating baths, 7604. 

Brever, M. G., elected associate, 5. 

Brtay, de, on aluminium for insulating purposes, 6184. 
Brrecer, K., on mass production in foundries, 6824. 


Brtcas, H., on appearance of fuel in ultra-violet rays, 629A. 


on X-ray examination of coal, 6294. 

Briscon, H. V. A., on properties of foundry coke, 655A. 
Brown, R. L., on low-temperature tar, 6534. 

Brown, W. R., elected member, 1. 

Browntutp, D., on coal blending, 6214. 

—_—— on low-temperature carbonisation, 6484.., 650A. 
——— on pulverised coal, 6384. 

—_—— on spontaneous combustion of coal, 6324. 
Bruce, R. M., elected member, 2. 


Bryant, R. H., on rod mills of American Steel and Wire Co., 735A. 


Bry3a, S., on electric welding, 755.4. 

Bucuno.z, H., on structural steels, 7944. 

Bucater, F., on phosphorus content of fusain, 6304. 
Bue tt, W. C., on testing of industrial furnaces, 623A. 
Butts, G., on blast-furnace practice, 667A. 

Burke, J. A., elected member, 2. 


Burks, S. P., on gas flow through packed columns, 6284. 


BurnuamM, T. H., on corrosion-resistant steel, 813A. 
Busu, H. J., on sintering plant, 110D. 
Busia, C. D., elected member, 2. 


Busss, F., on influence of casting temperature on chilled castings, 699A. 


Burrerworts, J., on sponginess in castings, 6994. 


O; 


Can, J. R., on French tinplate industry, 675.4. 
Cameron, J., on Poumay cupola, 678A. 
Cammen, L., on heating of sheets during rolling, 7324. 
Campse tt, H. L., on baking of oil-sand cores, 689A. 
on surface conditions of castings, 6884. 
Campset, J. M., elected member, 2. 

Campse.t, J. R., on cleaning of coal, 636A. 
Cantieny, G., on distillation of coal, 648A. 

Caruiy, J. E., on manufacture of rimming steel, 7034. 
Carnects, H. 8., elected member, 2. 

Carpenter, H. C. H., on oxidation of iron, 548D. 
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CARPENTER, H. C. H., on production of sound ingots, 295D. 
on properties of single crystals, 782.4. 

on structure of steel, 424D. 

——— Treasurer’s Report by, 5. 

——— vote of thanks by, 42. 

Carra, H., on thermal balances, 6224. 

Cazaupb, R., on endurance of steel, 789A. 

CHAKHNO, A., on low-temperature carbonisation, 6494. 
CHAMBERLIN, D. S., on scrubbing of coke-oven gas, 658A. 
CuHarter, A. C. J., on electro-galvanising, 763A. 

Cuatro, H. M., on rotary carburising furnace, 7404. 
Cuatrock, R. A., on pulverised coal, 639A. 

CHERNOBAEFF, D., on calculation of regenerators, 628A. 
Cuotsy, M., on recuperators, 625A. 

Cuotmogorov, G. N., on properties of sheet iron, 8014. 
Cxov, C. H., on gamma-alpha transformation in pure iron, 809A. 
Cuurruca, A. de, elected Hon. Vice-President, 8. 
Crocuta, J., on determination of titanic acid in iron, 829A. 
Crack, C. T., elected member, 2. i 
Cuarp, M. H., on electrometric titration of manganese, 825A. 

Cuark, C. L., on stability of metals at high temperatures, 787A. 
CuarKk, O. E., on blast-furnace plant of Hamilton Coke and Iron Co.,-664A. 
Ciuae, J. H., on cooling of coke, 647A. 

Crow, K.S., on plant of James B. Clow & Sons, 6914. 

Coss, J. W., on reactivities of solid carbon, 6214. 

Couseck, E. W., on brittleness of mild steel, 494D. 

Couz, L. 8., elected member, 2. 

Couuins, W. F., on mineral resources of South Manchuria, 6034. 
Comstock, G. F., on liquidus and solidus curves of steels, 383D. — 
Cong, E. F., on alloy cast iron, 684A. 

Conte, M., on use of mixed gas in open-hearth furnaces, 662A. 

Cook, F. J., on moulding machines, 686A. 

Coox, G.S., on surface cooling of steel, 7514. 

Coonan, F. L., on nitrogenation of steel, 745.4. 

Corsi, IF. D., on high-duty cast iron, 6844. 

CorrrELp, J. D., on heat-resisting alloys, 8134. 

CorriIGcANn, G. J., on tests of cores, 690A. 

Cournot, J., on metallic cementation of steel, 742.4. 

on tests of protective coatings, 766A. 

Cowan, J. G., on crushing strength of fireclay bodies, 6124. 

Cox, 8. R., jun., on anti-friction bearings, 6664. 

Coys, F. B., on cupola practice, 679A. 

Craia, J., elected Vice-President, 16. 

Cramer, H., on dead pass in three-high mills, 7264. 

CrawrorD, H. V., on air control in cupolas, 6814. 

Cronsuaw, H. B., on Bussey coal-distillation process, 650A. 

Crooks, A., awarded Williams Prize, 27. 

Croset, F., on cleaning of waste gases, 6584.: 

CunuiFre-LisrEr, Sir Philip, speech at Dinner by, 581. 
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CunnNINGHAM, T. R., on analysis of chrome ores, 8294. 
Curran, J. J., on decarburisation of high-carbon steel, 7424. 
Curtis, T. S., on refractory materials, 609A. 

Custer, E. A., jun., on cleaning of castings, 6854. 


D: 


Daupy, W. E., on rail steels, 7944. 
Damm, P., on coking properties of coal, 653.4. 
Damoovr, E., on industrial heating, 623A. 
DANGERFIELD, J. E., awarded Carnegie Research Grant, 28. 
Dantty, C., on forging of boiler drums, 7214. 
Davvittiers, L., on analysis of fuel, 830A. 
on X-ray examination of fuel, 6294. 
Davey, W. P., on properties of single crystals, 782A. 
Davis, BH. F., on transmission gears, 7584. 
Day, R. O., on relation of nitrogen to blue heat phenomena in iron, 783A. 
Dean, D. W., on rolling-mill drives, 7344. 
Dean, R. S., on relation of nitrogen to blue heat phenomena in iron, 783A. 
Dez, A. A., on Neumann bands, 8094. 
DELANEY, J., on pattern-making, 6854. 
Deport, V., on iron ore in Spain, 602A. 
on Spanish iron industry, 6764. 
Demnuer, A. W., on chromium-copper steels, 813.4. 
Demorsst, D. J., on fuels, 619A. 
Demozay, L., on invention of high-speed steel, 7964. 
Dennison, W. E., on foundry sands, 690A. 
Descu, O. H., on blast-furnace practice, TAD. 
on brittleness of steel, 498D. 
on dry air blast, 83D. 
on hardness of metals, 783A. 
on oxidation of iron, 551D. 
on production of sound ingots, 29 1D. 
on properties of spring steels, 251D. 
remarks on Ingot Report by, 37 9D. 
on tensile tests of metals, 775A. 
Descu, C. H., and B. 8. SmirH— 
Interim Report on “ The density of molten steel,’’ 358.—Discussion, 377.— 
Correspondence, 380. 
DESSEMOND on gas-producer practice, 656A. 
Duutson, W., on fatigue-testing machines, 7 88A. 
Devitte, J. 8. C., on low-temperature carbonisation, 649A. 
Dickens, P., on influence of shaking on precipitation reactions, 830A. 
DrepscuaG, E., on destruction of blast-furnace linings, 6144. 
elected member, 2. 
Dinuponn®, H., elected member, 2. 
Drraus, H., on use of pulverised coal in mill furnaces, 636A. 
Dixon, 8. M., on deterioration of winding ropes, 798A. 
on tests of wire rope, 420D. 


AY 
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Dossin, C, E., on Pumpkin Buttes Coalfield, 6034. 
DoBELBLOWER, J. C., on motor drives for roll-out tables, 736A. 
Docuerty, J. G., on notch brittleness, 778A. 
Docxkrna, A., on use of gas, 660A. 
DonaLpson, J. W., on thermal conductivities of cast irons, 773A. 
DonnELLAN, J. E., on heat treatment of steel, 746A. 
Donne LLy, J. T., on distillation of coal, 6454. 
Dorsey, F. M., on degasification of metals, 760A. 
Dougan, E. E., on tin mill plant of Columbia Steel Corporation, 7324. 
Dovet, J. P., on Dovel blast-furnace, 6654. 
Drucs, J. G. F., on mineral industry of Czechoslovakia, 6024. 
Drummonp, W. J., on cleaning of coal, 633.4. 
Dusois, E., on influence of moisture in coal on carbonisation, 645A. 
Dupovet, M., on chill tests, 681A. 
DuELL, C. C., on magnetic tests of carbon steel, 8034. 
DUFRAIsSsE, C., on negative catalysis of auto-oxidation, 8164. 
Duncan, H. M.— 
Paper on “‘ A new method for the production of sound steel.’’ See Parsons, 

Sir Charles. ‘ 
Dunkin, H. H., elected associate, 5. 
Dunn, L. R., on moulding sands, 690A. 
Dunoyenr, L., on ignition of coal, 6214. 
Dvront, G., on use of wood in gas-producers, 656A. 
Durvy, E. L., on manufacture and properties of cast iron, 774A. 
on tests of refractory materials, 610A. 
Durrer, R., elected member, 2. 
DvyorxovyitTz, P., on low-temperature carbonisation, 651A. 
Dwynr, P., on plant of Sandwich Foundry, Ltd., 697A. : 
on plant of Superior Engine Co., 6924. : 


Hi. 


Earpiey-Wiunmot, V. L., on diatomite, 617A. 3 
Earrurtn, A., on banded structure of steel, 810A. 
Eaton, G. M., on nitrogenation of steel, 745.4. 

Esra, O., on drying ovens, 6894. 

Eoxet, E. C., on iron ore in France, 6024. 

Epuunp, D. L., elected member, 2. 

Epmunps, G. H., on Neumann bands in ferrite, 809A. 
Epwarps, F. C., on wood patterns, 685A. 

Exper, F. C., on X-ray studies of cold-worked steel, 7824. 
Exxtot, T. G., on oxidation of steel, 550D. 

Exuts, J. §., elected member, 2. 

Extts, Sir W. H., speech at Dinner by, 593. 

Emricu, W., on moulding sands, 6914. 

Envo, H., on corrosion of steel in acids, 821A. 

on effect of cold-working on corrosion of iron, 818A. 
Enssiin, M., on strength of materials, 7884. 

EnziAn, C., on cleaning of coal, 633.4. 
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Erasmus, H. W. B. De W., elected member, 2. 

Ericson, 8. G., awarded Carnegie Research Grant, 28. 

Escuerr, H. von, on blast-furnace plant of Australian Iron and Steel, Ltd., 665A. 
Escuer, M., on transport in foundries, 6974. 

EspPEnHaAnn, F., on acid-resistant cast iron, 810.4. 

Esser, H., on growth of cast iron, 7734. 

Estep, F. L., on rolting-mill practice, 723.4. 

Erueripas, A. T., on determination of aluminium, 827A. 

Evans, B. S., on determination of sulphur in high-chromium steel, 8254. 
Evans, E. C., on blast-furnace coke, 6544. ? 

on blast-furnace practice, 75D. 

on dry air-blast, 84D. 

Evans, U. R., on corrosion of metals, 815.4. 

on corrosion of painted steel, 8214. 
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McQuvatp, H. W., on heat-treatment plant of Timken Detroit Axle Co., 741A. 
McVay, T. N., on action of coal-ash on refractories, 6114. 

Mann, E. G., on influence of silicon on case-hardening, 7424. 

Martner, M., on cleaning of castings, 685A. 

Maruanper, R., on “long-time ”’ tests of rail steel, 776A. 

Marty, R. D., elected associate, 5. 

Marty, S. A., on properties of spring steels, 246D. 

Marra, S., elected member, 3 

Mautmeren, L. W., elected member, 5 

Manker, F. W., on heat-treating plant of Willys-Overland Co., 741A. 
on sheet mills of Youngstown Sheet and Tube Co., 732.4. 
Mann, on sintering plant, 109D. 

Mantes 1, C. L., on aluminium-coated sheets, 764A. 

Manve tt, A., on manganese steel, 694A. 

Marpaker, E. E., on cupola practice, 678A. 

on high-duty cast iron, 683A. 

Marxwicok, A. H. D., on protective paints, 765A. 

Marquarp, F. F., on coking plant of Carnegie Steel Co., 6414. 
Marr, H. N., on estimation of carbon in wire, 824.4. 

Martin, R., on combustion of fuels, 620A. 

Maske, F., on moulding sands, 690A. 
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Mason, H. A., on moulding sands, 6914. 

Maraarty, A., on corrosion of metals, 8154. 
Marurwson, GC. H., on Neumann bands in ferrite, 8094. 
Marurcnon, on Bergius process, 6634. 


Maruscuka, B., on heat equilibrium between ingot and ingot wall, 7144. 


MaYENGONNE, on gas-producer practice, 6564. 
Mrapowcrort, J. W., on welding, 7554. 

Menrrens, J., on centrifugal casting of pipes, 6944. 
Meaney, W. H., on automobile sheets, 7324. 
Metioy, B. V., on manganese ore mining, 6054. 
Merxxey, G. E., on forging of drill stems, 720A. 
Merv, G. A., on Isley furnace control, TOOA. 
Merten, W. J., on annealing of chains, 7534. 
Messx1n, W. 8., on copper steels, 7934. 

on magnetic properties of molybdenum steel, 804A. 
elected member, 3. 

Mever, O., on determination of oxygen in steel, 828A. 
Micuet, A., on chrome steel, 8104. 

Mireur, W., on influence of temperature on refractory materials, 610A. 
Mr«xav, M., on carburisation of scrap in cupolas, 680A. 
MrKxost, C., elected member, 3. 

Mrer, J. R., on forge heating, T18A. 

on manufacture of chain, 757A. 

on steel for drop-forgings, 7194. 

Miter, S. W., on stresses in welded structures, 7564. 
Mitts, Sir F., on blast-furnace practice, 75D. 
MircueEtt, J., on influence of pickling on steel, 205D. 
on manufacture of tubes, 7574. 

Mrrcnett, W. B., on Hartmann spiral bricks, 616A. 
Mrroxey, W. M., on stainless iron, 812A. 

Mrrivsxt, A., on eutectic cast iron, 684A., 770A. 
MourMann, on yield point, 7764. 

Monvrition, G. H., on plating baths, 760A. 

Moors, C. E., on drying cracks in firebricks, 613A. 
Moorz, H., on erosion of guns, Wells), 

on production of sound ingots, 298D. 

Moors, H. F., on fatigue of couplings, 789A. 

on fatigue failure of metals, 789A. 

Morzav, A., on agglomeration of lignites, 640A. 
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Moraan, G. T., on aqueous liquors from low-temperature carbonisation, 652A. 


on low-temperature tar, 6524. 

Moraay, J. D., on coal-washing plant, 635A. 

Moraan, M. H., on rolling-mill drives, 734A. 

Mortey, T. B., on gas engines, 662A. 

Morrow, J. B., on cleaning of coal, 6364. 

Moser, M., on flow-figures in tensile test-pieces, 776A. 

Mort, R. A., on clean coke, 6534. 

on coking properties of coal, 653A. 

Movrzat, C., on negative catalysis of auto-oxidation, 8164. 
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Movurnat, F., on gas cleaners, 6584. 

Moyninan, R. E., elected member, 3. 

Morr, J., on tensile tests of rods and wire, 775A. 
Miter, A., on autogenous welding, 755.4. 

on enamelling of cast iron, 766A. 

Mutter, C. A., on estimation of oxygen in steel, 8284. 
Mittsr, R. W., on corrosion in centrifugal pumps, 819A. 
Monpt, R.., on failure of roller bearings, 7884. 
Monro, A. A., on production of sound ingots, 288D. 
elected member, 3. 

Morreay, J. A., on charging of cupolas, 682A. 


N. 


NADASAN, S., on tests of cast iron, 7684. 
Nakser, G., on pyrometers, 738A. 
Nuatey, J. B., on core-making, 689A. 
on enamelling, 766A. 
on heat-treatment plant of Mono-Aircraft Co., 747A. 
on heat-treatment plant of Nice Ball Bearing Co., 7414. 
on heat-treatment plant of Stewart-Warner Corporation, 7414. 
Nzata, F. K., on cupola design, 678A. 
NerpuamM, W. R., on fatigue tests of cast iron, 7694. 
Nusse, H., on welding, 754A, 
Nua, F., on ageing of boiler material, 785.4. 
Netson, T. H., on stainless steel, 811A. 
NEvENDOREF, G., on electrolysis of metals, 674A. 
Nervuuauss, H., on electric furnace practice, 712A. 
Neumann, G., on analysis of gas, 831A. 
Neweort, A. J., on stress-strain diagrams of nickel-chrome steel, 7754. 
Nriesunr, H., on raw materials in German iron industry, 675A. 
NiIEDERHOFF, O., on steam consumption of forging hammers, 719A. 
NIfTHAMMER, F’., on arc-welding machines, 755A. 
Niprer, H., on moulding sands, 690A. 
Norsury, A. L.— 
Paper on “ Constitutional diagrams for cast irons and quenched steels, 
443.—Correspondence, 469.—Author’s Reply, 471. 
awarded Carnegie Research Grant, 28. 
Norturvp, H. B., on case-hardening of steel, 742A. 


Le) 


O. 
OBERHOFFER, P., on Ehn’s cementation test, 7444. 
on iron-silicon, iron-chromium, and iron-phosphorus systems, 807A. 
OBERMULLER, H., on solidification of metals, 716A. 
Oxzst, W., on refractory materials, 609A. 
OESTERREICHER, K., on continuous foundry operation, 682A. 
OxTKEN, F, A., on Lurgi distillation process, 651A. 
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Oxnorr, M., on specific volume of steel, 7824. 

Outver, D. A., on ductility of metals, 7754. 

Oma, K., on sulphur in electrolytic iron, 6754. 

O’Nem, H., on hardness of cold-worked metals, 494D. 

on hardness of metals, 7834. 

awarded Carnegie Research Grant, 28. 

Orwnant, A. M., elected member, 3. 

Osann, B., on high-duty cast iron, 6844. 

on moulding practice, 6864. 

on properties of foundry coke, 6554. 

Osutma, T., elected member, 3. 

Omts, A. N., on electric heat-treatment furnaces, 739A., 740A. 
: on welding, 755A. 

Orr, G., on cupolas with water injection, 6784. 

Orro, ©. A., on foundry plant, 6794. 


ine 
Paas, A. R., on hardening of steel, 751A. 
Pater, F. R., on stainless iron, 811A. 
PaLMGREN, G., on roller bearings, 728A. 
Parker, J. F., elected member, 3. 
PaRMELES, C. W., on transverse strength of firebrick, 61 1A, 
Parmirrer, O. K., on chromium steel, 811A. 
Parr, S. W., on coal in Illinois, 632A. 
on low-temperature carbonisation, 648A. 
Parravano, N., elected member, 3. 
Parsons, Sir Charles, awarded Bessemer Gold Medal, 24. 
Parsons, Sir Charles, and H. M. Duncan— 

Paper on “ A new method for the production of sound steel,’ 255.—Dis- 
cussion, 267.—Authors’ Reply, 281.—Correspondence, 292.—Authors’ Reply, 
299. 

Pascuxis, V., on electric resistance furnaces, 7114. 
ParoHELL, W. H., on production of sound ingots, 280D. 
Parxkay, S., on drill tests, 785A. 

Parrersky, K., on constitution of coal, 630A. 
PAUTHENIER, on cleaning of waste gases, 6584. 
Pavuorr, I., on theory of rolling, 722A. 

Puarce, J. G., on tests of cast iron, 767A. 

PrRJATEL, F., on constitution of coal, 630A. 

Perrsoz, L., on chemical analysis, 824A. 

on determination of oxygen in steel, 829A. 

on heat treatment, 746A. 

on influence of elements in steel, 791A. 

on oxygen in steel, 7914. 

on zirconium in steel, 7 92A. 

Perret, A. E. J., on aqueous liquors from low-temperature carbonisation, 652A. 
Prrze, C. L., jun., elected member, 3. 

Pxrzzant, H. M., on manganese in South Africa, 6014. 
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PFANNENSCHMIDT, C., on influence of copper on cast iron, 771A. 
Preiz, L. B.— 
Paper on “ The oxidation of iron and steel at high temperatures,”’ 501.— 
Discussion, 548.—Correspondence, 551.—Author’s Reply, 556. 
——— on influence of pickling on steel, 208D. 
Purties, E. G., on Kiesselbach system of thermal storage, 6234. 
Puitures, W. M., on chromium-plating, 761A. 
PrerRe, E., on blast-furnace stoves, 6654. 
 Pr«e, R. D., on carbon balance of metallurgical furnaces, 702A. 
Prtuet, M., on corrosion of superheaters, 819A. 
Pinner, W. L., on chromium-plating, 7614. 
Pinst, H., on carbon control in cupolas, 679A. 
on moulding sands, 6914. 
PIwowaRsky, E., on corrosion of cast iron, 818A. 
on growth of cast iron, 772A., 773A. 
on moulding sands, 690A. 
on properties of cast iron, 770A. 
on structure of cast steel, 808A. 
on use of hot-blast in cupolas, 681A. 
Puant, C. H., on malleable cast iron, 6944. 
Pieroner, F. B., on rolling-mill of Barton Steel Co., 7304. 
on tunnel kilns, 613A. 
PiummeEr, C. E., elected member, 4. 
PrummeEr, W. B., on gas flow through packed columns, 628A. 
Pouak, V., on time studies in foundries, 6824. 
Pouansxy, V.S., bibliography on rolling-mill rolls by, 6924. 
Poutock, R. N., on low-temperature tar, 6534. 
Pomey, J., on chrome steels, 808A. 
Pomp, A., on bright annealing of steel, 753.4. 
on cold-drawing of wire, 736A. 
on cold-rolling, 724A. 
on influence of draught and annealing temperatures on properties of cold- 
rolled sheets, 780A. 
on influence of rolling and annealing temperatures on properties of cold- 
rolled steel, 780A. 
on properties of steel at high temperatures, 787A. 
on properties of steel wire at high temperatures, 788A. 
Ponson, C., on thermal balances, 622.4. 
Porter, F. R., on behaviour of spring steel at high temperatures, 7874. 
Portevin, A. M., on influence of pickling on steel, 210D. 
on latent stresses in metals, 790A. 
Port, A., on transmission of gas, 659A. 
Porrer, R. B., on pulverised coal, 636A. 
PouvreEau, J. M., on corrosion tests, 814A. 
Pratt, D. D., on aqueous liquors from low-temperature carbonisation, 6524, 
on low-temperature tar, 652A. 
PRENDERGAST, J., on cleaning of castings, 685A. 
Preuss, E., on metallography, 8054. 
Putsirer, H. B., on etching of metals, 8054. 
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Q. 


QUILLARD, C., on combustion of fuel, 6214. 


R. 


Racxkwitz, E., on corrosion resistance of metals, 820A. 
RAMMLER, H., on transportation of lignite, 640A. 
Ramp, P. R., on moulding practice, 687A. 
Ramssure, C. J., on use of coke-oven gas, 6624. 
Ranxty, J. S., on magnetostriction of steel, 8034. 
RangQus, G., on wear of steel, 784A. 
Rapatz, F., on cyanide hardening of steel, 743.4. 
on heat treatment of high-speed steel tools, 750A. 
RascHEWA-TRIFONOWA, E., on coal in Balkans, 6024. 
Rasspacu, H. P., on manufacture of forging ingots, 7044. 
Raw, G., on production of coal, 632.4. 
Rawpoy, H. S., on corrosion tests of mild steel, 813A. 
Reser, J. W., on combustion of fuels, 620A. 
Rzep, M. S., on drop-forging, 719A. 
Ress, 8S. H.— 

Paper on ‘“‘ The erosion of guns.” See Greaves, R. 18b, 
Ress, W. J., on silica bricks, 6114. 
Rezsz, A. K., on blast-furnace practice, 78D. 
on dry air-blast, 83D. 
ReIcHERTS, J. W., on properties of Bessemer rail steel, 795A. 
Rew, J. H., on Bowen River coalfield, 6014. 
Rety, J., on distillation of coal, 645.4. 
Remrry, J., on creep strength of nickel-chromium steel, 777A. 


Reng, W. O., on use of pulverised coal in reheating furnaces, 637A. 


Rey, G., on tests of continuous furnaces, 6234. 

Ruopry, J. G. A., on prevention of oxidation, 816A. 

Ricz, O. R., on use of blast-furnace gas, 6614. 

Ricuarps, E., on determination of nitrogen in gases, 8314. 
Ricuarps, H. F., on corrosion of galvanised tank, 819A. 
Ricuarpson, G. A., on manufacture of bolts and nuts, 7214. 
on manufacture of wrought iron, 6734. 

Ricuter, G., on tensile tests of crystalline metals, 775A. 
Ricuter, L. A., on gas-producer practice, 656A. 

Rickarp, T. A., elected member, 4. 

Ripspate, N. D., on determination of sulphur, 8244. 
—_— on fuel economy in cupolas, 680A. 

Rieser, F., on micromagnetometer, 604A. 

Riepoxp, A., on moulding boxes, 688A. 

Riaaan, F. B., on use of scrap in foundry practice, 680A. 
Rironts, R. J. H., on charging of cupolas, 682A. 

Roserts, D. E., on sintering plant, 103D. 

Roserts, J., on coking process, 645A. 
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Roserts, J., on semi-coke, 6554. 
Roserts, J. K., on effect of brackish water on corrosion of iron, 820A. 
Rosertson, A., on stress-strain diagrams of nickel-chrome steel, 775A. 
RogBertson, J. M.— 
Paper on “‘ The microstructure of rapidly cooled steel,” 391.—Discussion, 

420.—Author’s Reply, 422.—Correspondence, 424. 
on deterioration of winding ropes, 798A. 
on liquidus and solidus ranges of steels, 385D. 
on transformation of austenite, 439D. 
Rostinson, P. B., on refractory mortar, 614A. 
Rooaut, on fuel consumption in works, 6224. 
Ropuutsnr, A., on moulding practice, 687A. 
Rossouw, K., on determination of vanadium, 8264. 
Roxrrue.t, B. E., on effect of brackish water on corrosion of iron, 8204. 
Roun, W., on properties of vacuum-melted metals, 791A. 
on. water-cooled copper moulds, 686A. 
Rott, F., on graphite in cast iron, 773A. 
on moulding sands, 690A. 
ROLLER, P., on converter bottoms, 615A. 
Rooney, T. E., and G. BarR— 

Paper on “ A method for the estimation of hydrogen in steel,” 573. 

Rosenuatn, W., on influence of pickling on steel, 203D. 
on production of sound ingots, 276D. 
on properties of spring steel, 245D. 
on working of metals, 7824. 
Rosty, P., on spontaneous combustion of semi-coke, 632A. 
Ross, J., on low-temperature tar, 652A. 
Roszak, C., on low-temperature distillation, 647A. 
on corrosion of superheaters, 819A. 
Rovupnick, J., on chromium-plating, 7604. 
Roux, A., on control of welds, 754A. 
on vacuum-annealing of metals, 7534. 
Rovx, J., on spring in rolling-mills, 725A. 
Rowe, F. W., on etching of steel, 806A. 
RowLaNnbDson, St. John, elected member, 4. 
Roy, L., on use of oil for quenching, 752A. 
Rupe torr, M., on pendulum impact tester, 7784. 
on stamping test, 722A. 
RumMEL, K., on gas and air temperatures in heat exchangers, 625A . 
on heat storage capacity of checkerwork, 6274. 
Russ, E. F., on electric annealing furnace, 739A . 
Russe, T. F., on production of sound ingots, 289D. 
Russeiy, W. H., on heating up of coke-ovens, 647A. 
Ryxanps, Sir W. Peter, vote of thanks by, 23.° 
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Sacus, G., on internal stresses in rods and tubes, 7904. 
on rolling and forging processes, 7234. 
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Sacus, G., on wire drawing, 737A. 

on yield point, 776A. 

Sack, H., on heating furnace for tubes, 7184. 

Sarto, 8., on determination of manganese, 825A. 
SAKLATWALLA, B. D., on chromium-copper steels, 813.4. 
Sautuey, D. J., on carbonisation of lignite, 6464. 

Satmana, H., on slagging tests of refractories, 612.4. 
SAMUEL, T., elected member, 4. 

Sanpory, N. H., on relative potentials of tin and iron, 8224. 
Sanrorp, R. L., on thermomagnetic analysis, 804A. 
Santrer, H. H., on manganese sulphide in steel, 378D. 

— on production of sound ingots, 274D., 288D. 

Satou, 8., on welding of cast iron, 754A, 

Saver, J., on electric welding, 754A. 

SAUERWALD, F., on electrolysis of metals, 674A. 

Savveur, A., on gamma-alpha transformation in pure iron, 809A. 
Sawamura, H., elected member, 4. 

Scrack, A., on gas and air temperatures in heat exchangers, 625A. 
on heat storage capacity of checkerwork, 627A. 

on temperature changes in regenerators, 6284. 
ScuaeErer, A. O., elected member, 4. 

ScHirer, W., on tests of slag bricks, 6124. 

SonaLLBrocu, H., on hardness tests of steel, 783A. 
ScHANDT, on hardness testing, 7834. 

ScHaur, R., on Styrian blast-furnaces, 6774. 

Scupnt, E., on hardening of steel, 783.4. 

Souznte, H. K. von, on alloyed steel chains, 6934. 

on cast steel anchors, 693A. 

Scumrer, R., on tungsten magnet steel, 8044. 

Soutck, F., on slagging tests of refractories, 6124. 
ScureBotp, E., on tensile tests on crystalline metals, 775A. 
Sourkorr, G., on colloidal theory of corrosion, 815A. 
ScHISCHEIN, V., on chromium-plating, 7614. 

SouLEICHER, S., on effect of decarburisers in open-hearth process, 7064. 
Souiestincsr, G., on drill tests, 785A. 

ScHLIEWIENSKY, O., on American specifications for iron and steel, 802A. 
Scumip, L., on charging of cupolas, 6824. 

Scumipt, E. K. O., on corrosion resistance of metals, 820A. 
Scumipt, H., on electrical conductivity of metals, 8034. 

on gas temperatures in open-hearth furnace, T07A. 
on radiation of solid bodies, 624.4. 


- Scumrrz, F., on resistance of steels to chemical action, 819A. 


Scunerper, A., on recrystallisation in hot-rolling, 781A. 
ScHNEIDERHOBN, H., on basic slags, 7134. 

ScHNEIDEWIND, R., on chromium-plating, 7614. 

Scunvre, F. O., on rolling-mill plant of Bethlehem Steel Co., 734A. 
ScHomnmaker, P., on properties of cast iron, 769A. 

ScHOFIELD, J. S., on fuel oil, 6634. 

ScuoitEn, W. van W., on-corrosion of iron, 815A., 820A. 
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ScHoLttEen, W. van W., on ferroxyl indicator, 8234. 

on treatment of iron electrodes for corrosion experiments, 8144. 
Scuort, D. F., on prevention of rust, 7654. 

Scuracs, C., on moulding practice, 687A. 

ScurecK, W., on electric furnace practice, 710A. 

on solution velocity of iron, 8214. 

ScHREIBER, H., on galvanised tubes, 7634. 

Scuvuerte, C. N., on manufacture of crucibles, 6154. 
Scuuuz, B., on corrosion of tubes, 819A. 

Scnuz, C., on strip mills, 731A. 

Scuuuz, C. E., on graphic representation of costs of production, 710A. 
Scuuuz, E. H., elected member, 4. 

Scuvuuze, A., on thermal expansion of iron alloys, 807A. 
ScuustsER, F., on combustion of gaseous fuels, 619A. 

on preheating of gaseous fuels, 625.4. 

Scuvecovy, V. N., on dinas bricks, 611A. 

ScHWANERT, W., on cores, 688A. 

ScuwarmTz, H. A., on graphitisation of cast iron, 7734. 

on malleable cast iron, 696A. 

——— on shrinkage in white cast iron, 6984. 

Scuwarz, M. von, on metallography, 805A. 

ScHWINNING, W., on notched-bar tests, 779A. 

Scort, G. C., elected member, 4. 

Scott, G. 8., on washing of coal, 6344. 

Scott, W. R., on steel industry, 675A. 

SEARLE, W. C., on heat treatment of high-speed steel, 7514. 
SEDERHOLM, P., on structure of carbon steel, 806A. 

SEIDL, E., on notch action, 780A. 

SxIGue#, J., on blast-furnace practice, 6684. 

on properties of cast iron, 773A. 

on recuperative furnaces, 624A. 

SEKITO, S., on internal stress in carbon steels, 790A. 
SERGESON, R., on stainless iron, 8124. 

Srervicn, T. M., on brittleness in mild steel, 493D. 

on liquidus and solidus ranges of steel, 377D. 

on production of sound ingots, 271D., 286D. 

SEvIN, R., on electric furnaces, 711A. 

SHaDRIN, N. R., on sorbitic treatment of rails, 752.4. 
Suarpe, D., on sand-slinging machines, 686.4. 

SHAw, J., on shear tests, 768A. 

Suaw, J. B., on refractory materials, 609A. 

SHIRTOLIFFE, C. H., elected associate, 5. 

SHorron, F. W., on Warwickshire coalfield, 600A. 

SIEBEL, E., on cold-drawing of wire, 736A. 

on cold-rolling, 7244. 

on efficiencies of drawing and cold-rolling processes, 727A. 
on plastic deformation, 781A. 

SIEGLERSOHMIDT, H., on changes of cross-section of loaded bars, 775A. 
Sinn, A., on oxygen content of open-hearth steel, 706A. 
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Smuwmons, C. W., on scrubbing of coke-oven gas, 658A. 
Smron, A. W., on Cottrell gas cleaner, 6584. 
Smuvonps, H. R., on alloy steel castings, 6944. 
on laboratories of General Refractories Co., 6144, 
on welded railroad ties, 756A. 
Stmons, W. E.— 
Paper on “ The A.1.B. sinter plant at Messrs. Guest, Keen and Nettlefolds, 
Ltd., Cardiff Works,” 89.—Discussion, 103.—Author’s Reply, 106.—Corre- 
spondence, 110.—Author’s Reply, 111. 
Smmexin, N., on grading and sampling of coal, 6324. 
Stnagr, K., on cracks in castings, 699.4. 
Stnau, J., elected associate, 5. 
Sisco, F. T., on effect of quenching and tempering on chromium-silicon steel, 
748A, 
on failures of aircraft parts, 802A. 
on hardening of steel, 806.4. 
Skinner, D. G., on hydrogenation of coal, 662A. 
Snape, A. N. H., on screening of coal, 6334. 
Starer, E. O., of protection of pipes from corrosion, 7654. 
Suarer, I. G., on influence of pickling on steel, 211D. 
Surg, J. F., on coking plant of Steel Co. of Canada, 641A. 
Sricurer, L. B., on magnetic surveying, 6044. 
Stoan, R. P., on low-temperature carbonisation, 651A. 
Smart, R. C., on coking plants in Ruhr district, 6424. 
Smerron, J. A., on lifting magnets, 7144. 
Smirn, A. E. M., on faulty castings, 699A. 
Smitu, B. S8.— 
Interim Report on ‘“‘ The density of molten steel.”” See Desch, C. H. 
Smrrn, E. K., on use of scrap in foundry practice, 680A. 
Smrra, E. W., on refractory materials, 613A. 
Surru, F. G., on coke-oven machinery, 643.4. 
Sutra, P. 8., on mining industry of Alaska, 6034. 
Suir, 8S. W. J., on Neumann bands, 809A. 
Sonotrvsky, N. A., on transmission ropes for rolling-mills, 7354. 
Somnya, A., on determination of phosphoric acid, 829A. 
Sosmay, R. B., on properties of silica, 609A. 
Sowarp, H. W., elected member, 4. 
Sprnoer, F. W., on drop-forgings, 7194. 
Sprenonr, R. C., on influence of silicon on case-hardening, T42A. 
Sprers, H. M., on refractory materials, 6134. 
SripLEtn, F., on magnetic properties of iron alloys, 8034. 


_ SracH, E., on microscopic examination of coal, 629A. 


SrapELer, A., on determination of silicon in silicon alloys, 828A. 
Srant, E., on strip mills, 731A. 

STANFIELD, G., on properties of spring steel, 248D. 

on reheating of cold-worked materials, 497D. 

elected member, 4. 
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